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QUARTZ AND KAOLINITE 


Quartz and kaolinite, when occurring to- 
gether in a sample, may be differentiated 
easily by X-ray and differential thermal 
analysis (d.t.a.). 

Characteristic of quartz are the X-reflec- 
Bonsd= 38 Rd = 182 A, d = 137 A. 
as well as the small endothermal heat effect at 
573°C. The latter accompanies the enantio- 
tropic reversible inversion of «„-quartz (“low 
quartz” with trigonal trapezohedral symmetry) 
to p-quartz (“high quartz” with hexagonal 
trapezohedral syrnmetry). The inversion is a 
rapid one and occurs at a fixed point in the 
temperature scale. According to Faust (1948) 
and Barshad (1952) it may be used to obtain a 
calibration point for the temperature scale 
in d.t.a. According to Tuttle (1949) various 


1 Soil Mechanics Laboratory, Research Depart- 
ment, Delft, Netherlands. 

2 Agricultural Experiment Station and Institute 
for Soil Research, T.N.O., Groningen,  Nether- 
lands. 

3 Part I of this paper appeared in Geologie en 
Mijnbouw (nw. ser.), 16, pp. 69—83, 1954. 


kinds of quartz showed a variation of 0.60° C 
above and 1.30°C below the standard inver- 
sion temperature of 573.3 = 0.1°C. Solid 
solution of possibly Ge, Ba, Al, Ti might have 
some influence on this temperature. 
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Fig. 6 — D.t.a. of quartz, muscovite and pyrophil- 
lite samples of different grades of fineness. 


Attempts have been made to use the peak 
height at the inversion point for quantitative 
purposes. However, the peak height at a rapid 
inversion reaction is not a reliable means 
when using a point to point recording system, 
as the top easily may be missed. On the other 
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hand, the peak area is rather small, corres- 
ponding to about 3 to 4 cal./g after Sosman 
(1927). Moreover, as was recently pointed 
out by Nageischmidt (1953) and as may be 
seen too in figure 6, the peak area decreases 
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Fig. 7 — D.t.a. of quartz and kaolinite in various 
amounts. 

with the dimensions of the quartz particles. 
After Fieldes (1952) great errors arise in the 
quantitative determination of soil quartz when 
based solely on the d.t.a. method. For instance, 
it was found that the silt fraction of a New 
Zealand soil which contained more than 99 % 


peak area incm“ 


co 


50 endothermal 


ca 600°cC 


40 


30 


20 


/kaslinite = BO 80 (Je) 40 20 
iR quartz _ ° 20 40 co 80 


of SiO» and wich appeared from X-ray dif- 
fraction to consist almost entirely of a -quartz, 
should have less than 10% of it by d.t.a. 
Grimshaw and Roberts (1953) state that the 
presence of an amorphous coating on quartz 
grains reduces the peak magnitude. The latter 
may be restored, however, after destroying the 
amorphous layer by treatment of the sample 
with hydrofluoric acid. After the inversion the 
temperature difference line in the thermogram 
appears to be shifted upward, apparently as 
a result of a sudden increase of the thermal 
diffusivity of the sample. Probably the latter 
will be mainly due to the abrupt decrease of 
the specific heat of quartz at the inversion 
point following the strong though gradual 
increase of the specific heat between about 
500°C and 573° C as found by Sosman (1927) 
and Gibson (1928). 

Kaolinite is characterised by the. X-reflec- 
tions d = U5 A, de= 36, Ad — Zen 
d= 249 A,d = 234 A,d 228 A and Er 
thermal reactions at about 600° C and at 980° C. 
The broad endothermal heat effect at the d.t.a. 
at about 600°C is caused by a complete 
destruction of the crystallographice structure 
as discussed before. Variations in both the 
reaction temperature and the intensity of the 
reaction may result from variations in crystal- 
linity and in particle size. According to Grim 
(1953) the variation seems to be greater for 
the crystallinity factor than for the particle 
size factor. After Grimshaw et al. (1945), 
Arens (1951) and Martin (1952) the peak 
temperature may be 20°C to 30°C lower for 
poorly crystalline kaolinite than for well- 
erystallised specimens. Lowering of reaction 
temperature and peak size as particle dimen- 
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Fig .. 8 — Peak area in cm? of endothermal- (ca 600°C) and exothermal (ca 980°C) reaction of 


kaolinite and quartz mixtures in various amounts. 


sions decrease was demonstrated by Speil 
et al. (1945) and Martin (1952). 

The exothermal effect at about 980°C is 
generally considered to be due to a crystal- 
lisation of }-alumina from the nearly amor- 
phous metakaolinite, AlsO;. 2 SiOa — see e.8g. 
Insley and Ewell (1935) — though others 
ascribe the reaction to the formation of 
mullite = 3 AlsO;. 2 SiO» — see e.g. Comefero 
et al. (1948). After Johns (1953) well-ordered 
kaolinite affords maximum opportunity for 
the formation of mullite (sharp appearance 
of the exothermal effect at 980°C) since the 
proper alinement of octahedral elements 
carried over into metakaolinite, is in accord 
with the requirement imposed by the mullite 
lattice. The sharp appearance of the effect 
at 980°C is an excellent criterion for the 
presence of pure, well-crystallised members 
of the kaolinite type minerals. 

It may be observed from plate 2 that in a 
mixture of quartz and kaolinite each com- 
penent may be indentified visibly on sight on 
the positive of an X-ray photo when occurring 
in an amount of about 2 and 5 % respectively. 
Using a low power reading microscope (6 X) 
tbeistrong d< = 3.35 A, and d = 17.5 A, line 
of quartz and kaolinite respectively, can still 
be observed when smaller amounts (a few 
per cents) are present. By differential thermal 
analysis of a quartz-kaolinite mixture con- 
taining coarse grained quartz and well- 
‘ erystallised kaolinite (see figures 7 and 8) the 
latter also may be detected by its exothermal 
reaction at about 980° C when present in an 
amount of about 5 %. If only small amounts 
of kaolinite occur and no other mineral inter- 
feres such as quartz with about the same 
endothermal effect as that of kaolinite, the 
accuracy of the thermal analysis may even 
amount to 2 %. However, in contrast to X-ray 
analysis, the results of d.t.a. of quartz and 
kaolinite are greatly influenced by the origin 
of each mineral — see here before and also 
example illite, kaolinite and montmoril- 
lonite. Therefore a quantitive determination 
by d.t.a. of the composition of quartz-kaolinite 
mixtures from various sediments, is impos- 
sible. 


KAOLINITE, HALLOYSITE AND 
METAHALLOYSITE 


These clay minerals of the 1:1 group 
frequently occur in nature the one accompa- 
nied by the other. Structurally they offer the 
same picture, i.e. one sheet of SiaO5 tetrahe- 


drons linked to each sheet of Als(OH)s 
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octahedrons leading to the formula 4) AlsO;. 
2SiO2. 2H>O or preferably SisAl,0;(OH)«. 

Halloysite, when heated at 40°C or higher, 
loses 2 molecules H>O per unit cell. This phe- 
nomenon is accompanied by a contraction of 
the basal spacing from 10.8 A., to 7.5 A.; the 
latter being equal to that of kaolinite — see 
Brindley et al. (1948). 

By electron microscopy kaolinite may be 
distinguished from metahalloysite and hal- 
loysite® when occurring in pure well crystal- 
lised deposits. Kaolinite then shows charac- 
teristic well developed (pseudo) hexagonal 
plates. Metahalloysite occurs as hollow tubes 
which in case of halloysite may have split 
at the ends and be partially unrolled by 
transformation to metahalloysite — see 
Alexander et al. (1943), Bates et al. (1950) 
and Kerr et al. (1950). | 

xX-ray reflections (see plate 3) of meta- 
halloysite and especially of halloysite appear 
to be broader than those of kaolinite pointing 
to a disorder in the stacking of the SisaAlsO; 
(OH)4 sheets,. Unlike kaolinite the (020) re- 
flection (d = 4.5 A.) is much stronger than 
the (002) reflection (d = 3.6 A.). A further 
craracteristic of halloysite and especially of 
metahalloysite is the broad band for d = 2.6 — 
2.3 A. Unfortunately this band masks the 
reflections d = 2.57 A, d = 249 A, d = 2.34 
A. and d = 2.28 A. which are very charac- 
teristic of kaolinite when a mixture of kao- 
linite and metahalloysite is investigated (see 
plate 3). Consequently only large amounts of 
each mineral when present in a mixture can 
be determined. 

Chemical investigation shows that hal- 
loysite and especially metahalloysite are more 
easily attacked by HCl than kaolinite when 
recently formed. This was found to be the 
case in a weathered lateritic soil derived from 
rhyolitic rock near Pematang Siantar, North 
Sumatra — see van der Marel (1951). In this 
way when both minerals are present inthe < 
2 u separate of soils, they may be distinguished 
by two X-ray photos, one of the original 
sample and another of the sample pretreated 


4 After Mehmel (1935) whose conception is 
abolished nowadays, halloysite should consist of 
heterogenous sheets of Al,(OH), and SigO, (OH)». 
Heating of this mineral should result in loss of 
H,O molecules the sheets becoming linked 
together to form the common kaolinite structure. 

5 By the heat of the concentrated electron 
rays, passing through the sample and by the 
vacuum which prevails in the sample holder of 
the electron microscope, halloysite is momentane- 
ously converted into metahalloysite, 
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with 10 % HCl at boiling temperature followed 
by extraction with 5% NaOH at DOC to 
extract SiO» n aq.). From differential thermal 
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Fig. 9 — D.t.a. of kaolinite and metahalloysite in 
various amounts. 


peak area in cm? 


endothermal 
ca 600°cC 


curves of kaolinite/metahalloysite mixtures 
(see figures 9 and 10) it appears that kaolinite 
and metahalloysite have their main heat effects 
at about the same temperatures, viz. an endo- 
thermal reaction at about 600°C and an exo- 
thermal one at about 980°C. The thermal 
reactions of kaolinite appear in the figure 
more pronounced than those of metahalloysite, 
pointing to a lower degree of crystallinity of 
the latter. The high temperature endothermal 
reaction of metahalloysite moreover yields a 
peak at a slightly lower temperature than in 
case of kaolinite. The reason of this difference 
should be after Speil et al. (1945) that the 
sheets in the metahalloysite (and halloysite) 
structure are superimposed in a less orderly 
manner as those in kaolinite. Such on account 
of stresses resulting from the growth of small 
lath shaped - instead of plate like particles. 
In the same way the poorly crystallized types 
of kaolinite, among which the “fire clays” are 
characterized by a shift of the reactions to 
lower temperatures, becoming weaker at the 
same way — see Grimshaw et al. (1945), 
Arens (1951). 

However, it was found — see table 1 and 
table 2 in example illite, kaolinite and 
montmorillonite — that the temperature and 
the intensity of the thermal reactions of 
kaolinite may vary in a wide range and be 
even much smaller in some samples as that 
of halloysite or metahalloysite. Grim (1942) 
also claims that halloysite does not have a 
lower temperature for the main endothermic 
peak than kaolinite. 

After Speil et al. (1945), Bramao et al. (1950, 
1952) and others, metahalloysite (and hal- 
loysite) may be distinguished from kaolinite 
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4ll 
microscopy the individual clay minerals cannot 
be distinguished from each other when occur- 
ring in small amounts in the clay ( <2 u) 
fractions separated from soils — see also 
Introduction, Part 1. 


X-ray analysis, however, provides a con- 
venient means for differentiation, the basal 
spacing of illite being d = 10.8 A. (or d = 
15.6 A. in case of the variety with open lattices 
= ammersooite), that of kaolinite being 
d = 7.5 A. and that of glycerol treated mont- 
morillonite being d = 17.8 A. — see plate 4. 
About 10% illite may be detected on sight 


At 


kaolinite in soils 


Surinam 


\ 
\ 


NN 


200 
N Brozil 


400° 600° 800° 1000° c. 


Surinam 


Borneo 


le) 


Sumatra 


1044 ans 


Java 


D2WBIIE 
sa 


Ber 


Fig. 11 — D.t.a. of halloysite and metahalloysite. Furthermore of kaolinite <2,„ from pure commercial 
deposits and of kaolinite in the <2,„ separate of soils from various countries. 


by the shape of the endothermal reaction 
peak. In general, the peak in the thermogram 
should be symmetric in case of kaolinite and 
asymmetric for metahalloysite and halloysite 
showing a steep slope on the high temperature 
side. However, in the present study several 
kaolinites (identified by X-ray diffraction) 
from different countries were found to produce 
an asymmetric reaction peak as well as 
halloysite or metahalloysite (see figure 11). 


ILLITE, KAOLINITE, MONTMORILLONITE 


‚ The above named clay minerals have been 
the most studied to the present. By electron 


without any magnification on the X-ray photo 
of illite/kaolinite or illite/montmorillonite 
mixtures — see plates 5 and 6. On the other 
hand about 2 % montmorillonite may be found 
in illite/montmorillonite mixtures and about 
2 % kaolinite in mixtures of illite and kaolinite 
— see plates 5 and 6. 


Illite, kaolinite and montmorillonite cannot 
be distinguished by d.t.a. when they occur 
together. The reason is that illite and kaolinite 
have their first endothermal reaction at about 
the same temperature interval, peak temper- 
atures ranging between 500 to 650°C. — see 
table I. 
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Table 4 Limits between which endothermal (meer) and exothermol(.mmsmmm)reactions of clay-and other minerals may be 
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The same holds for the endothermal reaction 
of illite and the first endothermal reaction of 
montmorillonite —= 850 tot 920°C and 800 to 
925°C respectively — see table 1. At last the 
exothermal reaction of illite, kaolinite and 
montmorillonite 900 to 950°C, 950 to 
1030° C and 900 to 980° C respectively, overlap 
each other. Only montmorillonite may be 
distinguished by its endothermal reaction 
between 625 to 750° C. 

Figure 12 shows thermograms of varying 
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Fig. 13 — D.t.a. of illite and montmorillonite in 
various amounts. 
amounts of illite, kaolinite and montmoril- 
lonitee The samples containing less clay 
mineral than 400 mg were mixed with inert 
a-AlsO3 to get a total amount of 400 mg. 

It must be concluded that not all the ob- 
served thermal reactions are equally suited 
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mixtures in various amounts, 


for quantitative purposes. In this respect the 
endothermal reaction of kaolinite at about 
600°C appears to be less variable than the 
exothermal one at about 980° C. For illite the 


endothermal reaction at about 600° C is more 
suited for quantitative purposes as the endo- 
thermal one at about 900°C. At last for 
montmorillonite the endothermal reaction at 
900°C is more variable as the endothermal 
reaction at about 720°C and the exothermal 
reaction at about 950°C. 

Figure 13 shows the thermograms of illite/ 
montmorillonite mixtures. The conclusion can 
be drawn that the occurrence of the consti- 
tuents can be detected when present in 
amounts of about 30 % and 20 % respectively. 

In figure 15 d.t.a. results of illite/kaolinite 
mixtures are given, Here the occurrence of 
both clay minerals may be detected when 
present in amounts of about 20% and 10 % 
respectively. 

When the percentages of the clay minerals 
in the prepared mixtures are compared with 
the surface areas of the corresponding charac- 
teristic peaks for each constituent — see 
figures 14 and 16 — it is found that the best 
results are obtained at the smaller amounts. 
At the larger percentages great deviations 
appear from the curve representing the 
relation between peak area and percentage of 
a certain clay mineral in the mixture investi- 
gated. They are caused by differences in 
specific heat capacity, in the packing (porosity) 
of the sample in the sample holder and in the 
heat conductivity of illite, ammersooite, and 
kaolinite ®, 

Dilution of the sample 1:3 with inert fine- 
grained alumina powder calcined at 1700°C 
was recommended by Grimshaw (1953) to 
reduce the effect of these factors. However, 
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to register the small thermal effects when 
operating with this dilution technique, larger 


6 Details will be published in an additional 
paper. 


total amounts, e.g. 900 mg, should be used 
instead of the 400 or 500 mg commonly 
employed. Grimshaw (1953) claims that under 
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Fig. 15 — D.t.a. of illite and kaolinite in various 
amounts. 
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Table 2 — Heat of decomposition in calories per 
g at endothermal (500—650°C) and exothermal 
(925—1030° C) reaction of pure kaolinite from 
different localities. 


endothermal exothermal 
No. Origin (500—650° C) (925—1030° C) 
cal/g cal/g 

163 England 137 30 
423 France 90 20 
40 France 120 33 
426 France 128 38 
292 France 113 35 
460 Java 133 40 
188 Java 103 25 
75 Borneo 90 22 
191 Sumatra 135 33 
800 Billiton 130 20 
14 Bangka 113 25 
1200 Congo 140 35 
2 Surinam 108 25 
3 Surinam 118 28 
200 Brazil 88 23 


meter throwing its light on photographic paper. 

Another factor which disturbs the quanti- 
tative analysis of illite, kaolinite and mont- 
morillonite by d.t.a. is that generally the 
measured heat effect on the thermogram is 
not the same for samples from different 
localities. This is demonstrated in tables 2 and 
3 showing the heat effects (cal. per g) of the 
endothermal- and exothermal reaction of 
various samples of pure (as controlled by 
X-ray analysis) kaolinite and montmorillonite. 
Difference in the heat of decomposition may 
amount to even 200 %! 


The reason for such large differences as 
registered by the d.t.a. method have partly 
to be ascribed to variations in the particle 
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Fig. 16 — Peak area in cm? of endothermal- (ca 600°C) and exothermal (ca 980° C) reaction of 


illite/kaolinite mixtures in various amounts. 


these conditions an accuracy of about 1% can 
be obtained for kaolinite. He used a photo- 
graphic recorder consisting of a mirror galvano- 


size and the structural arrangement of the 
particles. They cause the packing density 
(porosity) of the materials in the sample 
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iti j | er & at endothermal (125—260° C) (625— 750° (9) and 
A a > a en of pure montmorillonite from different 
localities. 
thermal 
endothermal endothermal endothermal exo } 
No Origin (125—260° C) (625—750° C) (800925 CH C) 
cal/g cal/g cal/g cal/g 
2 

63 England 22 38 2 — 

64 England 25 29 . = 

53 Germany 2,9 33 2 = 

66 France 6 48 r = 
240 Java 10 23 e- = 
256 Wyoming 4 50 < x 

52 Wyoming 3 60 e 2 

39 Belle Fourche a il 60 er “ 

50 Mississippi nn 10 30 2 = 

55 Panter creek > 17 33 z = 

75 Missouri i 40 38 = 

80 Arkansas 20 33 10 = 
305 Arizona 7 28 13 = 
310 Morocco in 40 8 


holder and therefore their thermal properties 
to be different. 

The decrease of the thermal effect by finer 
particles is demonstrated in figure 6 in which 
are shown the d.t.a. results of quartz, mus- 
covite, and pyrophyllite in several grades of 
fineness. Several investigators already pointed 
to the deviations caused by differences in 
particle size — see Speil et al. (1945), Laws 
and Page (1946), Kerr and Kulp (1948), 
Perkins (1950), but their examples are not so 
striking as those found here, 

The decrease of the thermal effect as a 
result of the porosity factor is generally ac- 
companied by a shift of the peak temperature 
to a lower value. 

The same was reported by a.o. Nieuwenbarg 
and Pieters (1929), Kelley et al. (1936), Speil 
et al. (1945), Laws and Page (1946), Kulp and 
Trites (1951) and Martin (1952). 

Another important cause for the variation 
in the heat of decomposition (cal, per g) 
of montmorillonite and of many other clay 
minerals is to be found in the variation 
of substitution (Al for Si; Fe, Mg etc, for Al) 
in their erystal lattice (illite, montmorillonite, 
micas) — see for variations in the chemical 
composition of clay minerals the analyses of 
Ross and Hendriks (1945). Variations in the 
regularity of crystallisation (lattice defects, 
interlayered structures) is still a further 
factor, 

Consequently the conclusion is apparent that 
an accurate quantitative determination by the 
d.t.a. method of clay minerals of different 
origin is impossible. This is even the case 
when working under standardized (repro- 
.ducible) conditions such as sort of sample 


holder, packing density of the sample, surface 
of the thermocouples, rate of heating of the 
oven, peak area calibrated with substances of 
well known heats of reaction etc. 
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Fig. 17 — D.t.a. of common (Fithian) illite and of 
ammersooite saturated with different cations. 
COMMON (FITHIAN) ILLITE, 
AMMERSOOITE 
Ammersooite? is a potassium fixating 
variety of common (Fithian) illite which, like 


note: oll samples were dried 


? This new variety of common (Fithian) illite 
which has its lattices not “closed” as usual, but 
“open” is called “ammersooite” in honour of the 
potassium experimental field near Ammerzoden, 
local name Ammersooien (Gelderland, Nether- 
lands). Details on this subject have been 
presented in a separate article — see Van der 
Marel (1954). 


vermiculite, was found to contract its open 
lattices (d = 15.6 A.), when saturated with 
K+t_—, NH4t —, Rb+ —, or Cs+ ions, i.e. with 
ions having a large polarisability. By this con- 
traction non fixating common (Fithian) illite 
(d = 10.8 A.) is formed. 

Contrarysstosthis einer Wie ENan 
Men Tea SrE tr and Bat jons 
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At 


8 illite.Geul (Netherlands) 
273 ıllite-Geul (Netherlands) 


281 illile_Goose lake (U.S A.) 


163 marine mud._Dollard 
(Netherlands) 


489 marine mud-Braak 
(Netherlands) 


old marine clay-Haren 
(Netherlands) 


322 old marine clay-Marum 
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NHı tions may easily be observed on sight. 
Table 4 gives the d-data of ammersooite when 
saturated with different cations. No significant 
differences in the thermal behaviour could ba 
detected when all samples were subjected to 
d.t.a. after being dried during one hour at 
105° C just before the tests (see figure 17). 
Neither was any difference found when in- 
creasing the normal rate of heating (10° C per 
minute) to about 24°C per minute. By this 
procedure the endothermal effects are accen- 
tuated and their temperature ranges appear 
narrowed. 


B clay_-separates of strongly_potassium fjxatıng sediments 
At 


589 river cloy- Ammerzoden 
(Netherlands) 


447 river cloy_Kerkwijk (Netherlands) 


405 river cloy_Zevenaor (Netherlands) 
466 river clay_De Hoeve (Netherlands) 


457 river clay-Kerkwijk (Netherlands) 


458 river clay_Hoenzadriel 
(Netherlands) 


599 loam.Crossy sur Eure (France) 
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Fig. 18 — Dit.a. of the clay (<2,„) separates of non-, or only weakly- and of strongly potassium 


fixating sediments after accelerated heating 


do not contract the lattices of ammersooite as 
they all have a smaller polarisability per unit 
valence than the foregoing species. Neither 
are the lattices contracted by (CaH3)aNHs3 + —, 
or (CH3)3NH+ ions, as these ions, in spite of 
their high polarisability, are much larger than 
the open hexagonal holes between the layers 
(r = 2.6 A.) when they are closed. Large 
highly polarised glycerol molecules (r — 2.33 
A. ap = 1.02 A.) may even remove the 
layers of ammersooite from each other. In this 
state the layers are still held together by small 
Van der Waals-London attractive forces mainly 
arising from polarisation effects induced by 
ions in opposite layers. 

X-ray photographs on plate 7 were obtained 
{rom the < 2 u fraction of a strongly potassium 
fixating Dutch soil containing about 80 I 
ammersooite, after saturation with different 
cations. The contraction of the open lattices 
of this new variety of illite by K*— and 


in the oven. 


Arens (1951) suggested that the first low- 
temperature endothermal reaction (at about 
105—200° C) of the strongly K-fixating illites 
might be more pronounced than in case of the 
non fixating illites, as H3O + -ions should have 
entered between the layers of the K-fixating 
illites replacing K+ -ions. In addition it should 
be noted that, according to the findings of 
Brown and Norrish (1952), the excess of 
water and the deficiency of potassium in the 
hydrous micas (seriecite) compared with the 
normal micas may result from the presence 
of H30+ -ions in interlayer positions. 

In the present study no pronounced dif- 
ference between the first low-temperature 
endothermal effect exhibited by the < 24 
separate of strongly versus non- or only weakly 
K-fixating soils, when dried during one hour 
at 105° C before the test, could be detected in 
the beginning of our tests when the normal 
speed of heating (10°C per minuut) was 
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employed. It should be noted that these tests 
were executed using a nickel specimen holder, 
whereas Arens (1951) employed a sample con- 
tainer made of ceramic material which may 
allow for a higher sensitivity in case of faint 
endothermal reactions. In addition, Arens used 
a heating speed of about 20°C per minute in 
the temperature region under consideration. 

However, when the rate of heating in the 
beginning of the tests was increased to about 
24°C per minute, it appeared that the < 24 
separates of a number of strongly K-fixating 
soils in general showed a somewhat larger 
endothermal effect at about 150—200°C than 
those of non- or only weakly K-fixating soils 
(see figure 18). 

Evaluating the difference quantitatively 
after calibrating the surface areas in the 
thermograms by means of standard materials 
(see part I), the thermal effects were found 
to be (as an average) about 8 and 14 calories 
per gram for the clay separates of the non- or 
only weakly- and the strongly K-fixating soils 
respectively. Taking the heat of evaporation 
of water at 500 cal. per g (at about 170° C) 
and the binding energy between H+ and H>s0 
as 250 cal. per g HsO (heat of hydration of 
the H + -ion), the difference between the clay 


separates amounts to about 08% HsO+ in 
favour of the clay separates of the strongly 
K-fixating soils. This figure, corresponding to 
42 m.e. KsO per 100 g g clay separate or = 
1.97 % KsO, is even ‚larger than would be 
needed to substantiate Arens’ supposition. For 
the clay separates of the strongly K-fixating 
soils do contain only 0.4 to 0.6 % Ks0O less than 
those of the non- or only weakly K-fixating 
ones. In our opinion the phenomenon of K- 
fixation of the strongly K-fixating illites 
results merely from a replacement of K + -ions 
by other ions having a polarisability per unit 
valence smaller than that of potassium 
(a, = 0.97 A2); eg. Ca+t (a, = 0447 A85 
Mg++ (an = 0.2A23), Nat (a, = 0.21 A>) 
— see table 4. These strongly K-fixating illites 
may also contain H+t - or H3Ö# -ions neither 
of which contract the layers, but their presence 
in the illite crystal is not characteristic for 
the phenomenon of K-fixation. Thus, strongly 
K-fixating soils which may fix up to 85 per 
cent Kz3O when dried with a solution of KC1 
containing 100 mg KsO per 100 g soil, have a 
pH ranging from about 4.5 to 8.5. 

It should be concluded that a more pro- 
nounced first low-temperature endothermal 
effect in the d.t.a. diagram is not a general 


Table 4 — Basal reflections d(001) of ammersooite saturated with different cations. 
Furthermore radius (coördination number = 6) and polarisability of cations. 
polarisability 


okuratei radius in A 


(a, in 43) 


basal (001) reflection 


R Paulin K 
with (1945) RS; of ammersooite in Al 
ibılı == 

Na 0.60 0.02 15.6 
Kg + 0.95 0.21 15.6 
Er 13 0.97 10.8 
ds 1.48 1.47 10.8 
a 1.69 2.37 10.8 
a 0.65 + 02 15.6 
en 0.99 0.44 15.6 
2 1.13 0.84 15.6 
NA,* 1.35 1.63 15.6 
R 1.43 1.60 10.8 
HH 0.04 2 negative 3 15.6 
(C3H5/3NH3 + 2.33 15.2 
(CH3/;sNH3 + 2.97 6.9 14.1 
Glycerol 2.33 7.0 17.9 


e samples Seatgrared with a cation) first dried at 105°C and afterwards rehydrated in 
air by standing over for 1 week in the laboratory room. 
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? approximately from r H30 * (1.40 A) — r H,O (136 A). 


+: z * 
1 . H" ion has De Re and it penetrates into a H,O molecule if it is in an aqueous 
so a > a forming a 22 -ion which has a smaller polarisability than a H,O molecule 
— 4, = 1.304 A3 after Böttcher (1946). Therefore a H* -ion has a negative polarisability 


of unknown magnitude. 


characteristic of a strongly K-fixating soil. On 
the other hand, the observed difference in the 
thermal behaviour between the clay separates 
of the weakly- and the strongly K-fixating 
soils may also be explained from the fact that 
the former soils are generally less weathered 
than the latter. The clay separates of the 
former therefore contain less colloidal silica 
and sesquihydroxides; e.g. substances which 
fix water that is driven off at a higher temper- 
ature than 150° C. 


MONTMORILLONITE AND NONTRONITE 


Both clay minerals belong to the montmoril- 
lonite group whose numerous members of 
varying composition are all characterized by 
having a layer structure with variable distance 
between the layers, According to Ensminger 
and Gieseking (1941), and Ensminger (1942) 
the plates may move to a spacing of even 
about 40 A. when montmorillonites are treated 
with large highly polarizable organic cations 
such as gelatin and albumin. 

Most fully studied are representatives of a 
particular subgroup known as montmorillonite 
in a more restricted sense having some Mg+t+ 
(and Fe+tt+ )-ions in its octahedral layers 
substituted for Al+++ -ions and some 
Al+++ -ions in the tetrahedral layers sub- 
stituted for Sit+t+t+ -ions. in the nontronite 
structure substitution of Fe t++ (and some 
Fe++ )-for Alt+t+t -ions in the octahedral 
layers is nearly complete. The mineral con- 
tains 25 to 30 per cent Fes03. 

As Fe+++ (and Fet+ )-ions are larger 
in size ihan Al +++ -ions = 0.67 A. (0.83 A.) 
against 0.57 A., dimensions of the nontronite 
unit are somewhat larger than those of the 
montmorillonite unit. MacEwan (1951) arrived 
at the following formula for the b-axial length, 
b., of the montmorillonite unit in the mont- 
morillonite-nontronite series: 

b. = 8.90 + 0.06 r + 0.033 s + 0.047 Lt A. 
where r = number of Al++t+ -ions in tetra- 
hedal coördination 


s = number of Mg+*+ -ions in: octahedral 
coördination 
t = number of Fett -ions in octahedral 
coördination 


(per unit cell in each case). 


The small difference between montmoril- 
lonite and nontronite may easily be observed 
by the position and the intensity of the 060 
X-ray reflection of a powder diagram of a 
mixture of both minerals. This is demonstrated 
in plate 8. In this way about 10% of each 
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mineral may be detected visibly on sight and 
even 5% when the X-ray film is observe 
by a loupe. i 

By d.ta. the difference between pure 
samples of montmorillonite and nontronite is 
evident — see figure 19. Evidently substitutions 
in the octahedral layers produce important 
changes in the thermogram. This may be 
explained as follows: Montmorillonite shows 
two high temperature endothermal peaks at 
about 625—750°C and 800-—925°C, generally 
followed by an exothemal effect at about 
900—980° C. The endothermal reactions ac- 
company a total weight loss of 5 to 6 per cent 
due to the evolution of H>sO from structural OH 
groups — see Ross and Hendricks (1945). 


According to Bradley (1944) and Bradley 
and Grim (1951) the occurrence of two suc- 
cessive high temperature endothermal reactions 
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Fig. 19 — D.t.a. of montmorillonite and nontronite 
in various amounts. 

is correlative with a dioctahedral (heptaphyl- 
lite) montmorillonite The first endothermal 
reaction should correspond to the formation 
of an “anhydrite” structure being accompanied 
by a slight increase of 0.1 to 0.3 A. in c-axis 
periodiceity and the second one to the complete 
destruction of the lattice. The “andydrite” 
structure does not appear as an intermediate 
stage when heating trioctahedral (octaphyllite) 
lattices which is explained on geometric 
arguments. 


Another explanation was recently suggested 
by MceConnell (1950) and Weaver (1953). The 
first high-temperature endothermal reaction 
should accompany the liberation of water from 
OH groups in octahedral co-ordination, but 
the second high-temperature endothermal 
effect might be due to loss of water from OH- 
groups in the tetrahedral layers. The presence 
of the latter in the tetrahedral layers was 


o ° r 
/,montmor. — OO 80 co 40 20 
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tentatively explained by suppositions of Edel- 
man and Favejee (1940) ®, MceConnell (1950) ® 
and Deuel (1950) !®. 

Substitution of the larger Fe +++ (Fe ae) 
-ıon for the smaller Alt++ -ion in the 
octahedral layers, such as happens in the non- 
tronite structure, reduces the binding strength 
between the OH-- and the central ions. In 
this way the two endothermal reactions of 


5 
5 . 
eo 
4 4 ne 
3 3 
exothermal 
ca 875°C 


montmorillonite are shifted to 400—600° C in 
case of nontronite. 

Although McConnell’s experimental data are 
after Grim (1953) not quite convincing, his 
suggestion is substantiated by the dehydration 
characteristics of some pure nontronites 
showing a double endothermal reaction be- 
tween 400°C and 600°C. 

Some remarks may be added as to the 
significance of the exothermal reaction of 


exothermal 
a co 950 C 


endothermal 3 
ca 900°cC 
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Fig. 20 — Peak area in cm? of endothermal- and exothermal reactions of montmorillonite/nontronite 
mixtures in various amounts. 


5 Edelman and Favejee (1940) have postulated 
Si-OH linkages to occur in the tetrahedral layers 
pointing outwards from the silicate layers. 

9 After MeConnell (1950) OH--ions are pre- 
sumed to be distributed at random within the 
tetrahedral layers in such a manner that four 
H +-ions substitute statistically for one Sit+++ 
-ion, the number of O---ions remaining un- 
altered. In an idealized model the OH-groups 
are visualized as forming discrete (OH), tetra- 
hedra which substitute for SiO, tetrahedra 
analogous to the structure of the hydrogarnetoids 
(e.g. plazolite). 

10 Deuel (1950) suggests that some oxygen 
bridges of the external layers in the Hofmann 
et al. (1933) structure might be hydrolysed. 


1 
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montmorillonite at about 950°C. Though 
thermograms of montmorillonites show a wide 
variety in the shape of thermal reactions, indi- 
cating a considerable variation in the phases 
formed at elevated temperatures, Bradley and 
Grim (1951) have arrived at some general 
conclusions. Clays producing S-shaped curves 
contain spinel Mg (AlO»)s-following the exo- 
thermal reaction, the magnitude of the thermal 
effect being proportional to the amount of 
spinel formed. If, however, the thermogram 
exhibits a distinet “shoulder” directly above 
the second high temperature endothermal 


reaction, the first prominent new phase appears 
to be ß -quartz. Montmorillonites seem to 
develop quartz (from the tetrahedral layers) 
and spinel (apparently from the octahedral 
region) if there is substantial substitution of 
Al++t+ -ions in tetrahedral positions. 

Montmorillonites developing the S-shaped 
thermogram with the delayed exothermal 
reaction are relatively low in iron. Enstatite, 
mullite or anorthite are formed at about 
1000°C in addition to the p -quartz, probably 
depending on the amount of magnesium present 
and possibly also on the amount of exchange- 
able Ca ++. All spinel forming specimens were 
found to develop more or less cristobalite 
around 1000°C or 1100°C without going 
through the quartz intermediate stage. This 
seemed not to be accompanied with any 
detectable heat effect. 

D.t.a. results of montmorillonite/nontronite 
mixtures are presented in figures 19 and 20. 
From these it may be concluded that mont- 
morillonite can only be found by d.t.a. on sight 
when occuring in an amount of about 10 to 
20 per cent and more Nontronite, however, 
can only be found on sight when it occurs in 
larger amounts as 50 per cent. 

It should be emphasized that these results 
are only restricted to mıxTures 0I well crystal- 
lized montmorillonite and nontronite. For, as 
mentioned in example illite, kaolinite and 
montmorillonite, and in table 1, the intensity 
of the endothermal (and exothermal) reactions 
of montmorillonite and nontronite depend 
largely on the origin of the sample investi- 
gated. 


MONTMORILLONITE AND KOH-TREATED 
MONTMORILLONITE 


According to Caillere and Henin (1949) 
montmorillonite when boiled repeatedly with 
a N solution of KOH is converted into a 10.2 
A. mineral which has a sandy appearance and 
does not show any swelling after immersion 
in water. After d.t.a. the strongly developed 
low-temperature peak at about 230°C is 
weakened by this treatment and shifted to a 
somewhat lower temperature. Furthermore 
the high temperature thermal effects at about 
700 and 900°C have vanished while another 
peak appears at about 490°C. Finally their 
chemical analyses showed the new product to 
contain about 5 per cent K»O corresponding to 
about the total cation exchange capacity of 
pure montmorillonite — 100—120 m.e. per 
100 gms. 

From these results they concluded that KOH 
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treatment decreased the expansion of mont- 
morillonite, a product being obtained that 
seems similar to illite. The attained inversion 
appeared incomplete, however, as it could be 
reversed partially by treating the new product 
with Ca-salts. Only treatment with KOH led 
to the conversion observed; other potassium 
salts and hydroxides of other cations proved 
to be inactive. 

Similar tests were carried out in the present 
study by treating montmorillonite with 10 per 
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Fig. 21 — D.t.a. of illite and montmorillonite and 
of montmorillonite treated before with KOH and 
O.0SN- Herzand 03N- HeE, 


cent KOH during 3 days on a boiling water- 
bath, the evaporated water being replenished 
periodically. A product was obtained with a 
sandy consistency. 

From the X-ray photographs (see plate 9) 
of the dried substance (heated at 105°C) it 
may be concluded that the basal layers have 
contracted from 17.8 A. to 11.6 A., the latter 
spacing thus approaching that of common 
(Fithian) illite = 10.8 A. In addition it was 
found that glycerol treatment after the 
MceEwan (1949) method did not cause any 
change so that possibility of swelling, being 
a characteristie of the montmorillonites, 
appears to be discontinued. However, other 
reflections of montmorillonite, though some- 
what broadened and hazy on the photograph 
appear to be unaffected by the KOH treat- 
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ment. Furthermore, treating the new product 
with 0.05N HC1 again yields the original 
montmorillonite which swells with glycerol 
(see plate 9). 

D.t.a. showed that by the KOH treatment, 
only the low temperature endothermal effect 
is considerably weakened (see figure aß), Manz 
is demonstrated by the thermograms of the 
treated and the untreated sample taken after 
storage during 7 days over 10 per cent H5SO4. 
The uptake of a smaller amount of water from 
the humid atmosphere in case of the treated 
sample is evident. 

The water being lost in this temperature 
region (at about 100-—150° C) originates mainly 
from between the basal planes of montmoril- 
lonite. It can easily be driven off by heating 
the samples for 1 hour at 105° C prior to d.t.a. 
(see figure 21). No appreciable shifting for 
the two high temperature endothermal reac- 
tions of montmorillonite was found however, 
for the KOH-treated montmorillonite. Accor- 
ding to MeConnell (1951) and Weaver (1953) 
the two high temperature endothermal 
reactions of montmorillonite should arise from 
loss of OH bounds from the octahedral- and 
tetrahedral layers respectively. Illite on the 
other hand containing both Alt++ (Mg ++ )- 
and Fe+tt+ -ions in octahedral co-ordination 
shows the first endothermal reaction caused 
by loss of OH bounds from this layer shifted 
to about 600° C. The second high-temperature 
endothermal effect of illite at 900° C, resulting 
from loss of OH bounds from the tetrahedral 
layers is less pronounced than in case of mont- 
morillonite as illite contains fewer OH ions 
in these layers. 

From the above it may be concluded that 
— in contradiction to the results of Caillere 
and Henin (1949) — montmorillonite is not 
converted into illite by boiling with KOH. By 
this process a product is obtained which does 
not swell, and according to thermal behaviour, 
has its octahedral- and tetrahedral composition 
unchanged. By the KOH treatment the lattices 
of montmorillonite are only contracted resul- 
ting in a non-swelling product. However, this 
condition appears very unstable as it may 
easily be discontinued by treating the sample 
with Ca-salts (see Caillere and Henin) or 
with 0.05N HC1 (see figure 21). 

Conversion of the closed illite structure to 
an open one, having like montmorillonite 
swelling properties and a higher exchange 
capacity as common (Fithian) illite, may oceur 
in nature in soils under certain weathering 
conditions. 


This variety of illite is called “missourite” 
as it has the same characteristics as the clay 
mineral called “beidellite” which is found in 
soils from Missouri. IE may furthermore be 
found in many other soils where it is hithertho 
identified as montmorillonite by X-ray analy- 
sis, e.g. black regur (India), tir noir (Marocco), 
and marl (margalite) clay (Java). Missourite 
can only be distinguished from montmoril- 
lonite and beidellite, both resulting from 
hydrothermal- or solfataric action on mag- 
matic materiai, by having like illite only one 
endothermal reaction at about 600° C.11, Its 
cation exchange capacity — about 70 m.e./100 
g which is intermediate between that of illite 
— about 49 m.e./100 g and that of montmoril- 
lonite, (beidellite and nontronite — about 100 
m.e./100 g). 


BIOTITE, GLAUCONITE AND CELADONITE 


Galliher (1935) observed that glauconite is 
formed from biotite in Montery Bay. The 
change of biotite to glauconite should involve 
hydration, oxydation of iron and partial loss 
of potassium, alumina and magnesia. The 
oXxydation of iron in a black mud environment 
under anaerobic conditions where slow sedi- 
mentation allows time for the reactions to 
take place, is explained by Galliher as due to 
dehydrogenation following hydrolysis. 

Green sands (glauconite sands) being rich 
in biotite are said to occur in nature, i.a. by 
Hutton and Seelye (1941). After Gruner (1935) 
the crystal structure of Bonneterre glauconite 
is similar to that of biotite. They both belong 
to the mica group. According to Hendricks and 
Ross (1941) the only difference between the 
two minerals is that glauconite has a 
dioctahedral (heptaphyllite) structure whereas 
biotite is a representative of the trioctahedral 
(octaphillite) type.!?2 In the latter all possible 


11 Details on this subject will be presented by 
the authors in a separate article. 

12 Layer (2:1) minerals with all possible octa- 
hedral positions filled with cations (such as in 
vermiculite and biotite) are called trioctahedral 
minerals after Stevens (1946). I, however, one 
in three octahedral positions are vacant (such as 
in montmorillonite and muscovite) the mineral 
should be called dioctahedral. Winchell (1935) 
proposed earlier the names octaphillite and 
heptaphillite to charaterize the micas. Hepta- 
phillite micas contain 7 positive and 12 negative 
icons and octaphillite micas have 8 positive and 
12 negative ions. However, in Winchell’s system 
biotite is an octaphillite, and tale a heptaphillite 
although all the octahedral positions of these 
minerals are filled. A classification of the micas 
in dioctahedral and trioctahedral is simpler and 
of more general application. 


octahedral positions are-Öccupied and in .the 
former one in three positions is vacant. On 
account of this slight difference, the crystal 
dimensions of biotite are somewhat larger than 
those of glauconite (see plate 10). In this way 
the 060 reflection d = 1.54 A. of biotite cor- 
responds to the 060 reflection d = 151 A. in 
case of glauconite. However, the intensities 
of most of the X-ray reflections of both 
minerals are practically the same as the 
chemical composition of both do not differ 
much. 

When biotite is heated with 10% HCl on a 
boiling waterbath it is converted into a mineral 
which, after X-ray and d.t.a. appears to be 
illite (see plate 10 and figure 22). Apparently, 
by partial loss of K+ -, Mg++ - and Fe++ 
-ions in addition to oxidation of the resting 
Fett - to Fe+tt+ -ions the trioctahedral 
biotite structure transforms to the somewhat 
‚smaller dioctahedral structure of illite. In this 
way the 060 reflection d = 1.54 A. of biotite 
becomes corresponding with the 060 reflection 
d = 1.50 A. for illite and the characteristic 
d = 1.68—1.64 A. band of the latter appears 
on the photo of the HCl-treated biotite. 
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Fig. 22 — D.t.a. of biotite, glauconite, celadonite, 
biotite treated with HCL and illite. 


From d.t.a. it follows that glauconite may 
easily be distinguished from biotite by its 
‘ characteristic reaction peak at about 580° C 
(see figure 22). The endothermal reaction of 
illite occurs at about the same temperature as 
that of glauconite. From X-ray photos of 
glauconite and illite (see plate 10) it appears 
that, besides some reflections being nearly 
equal, there are many others which show dif- 
ferences especially in their intensities. The 
latter result from the large differences in 
chemical composition #3 of both minerals 
although their fundamental structure is practi- 
cally the same as both are a heptaphyllite mica 
mineral. From the above it may be concluded 


13 Illite and glauconite contain about 6 and 20 
per cent Fe,O, and about 25 and 14 per cent 
Als0,, respectively. 
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that glauconite is apparently the iron (mag- 
nesium) variety of illite. 

Besides by conversion of one mineral into 
the other, glauconite as well as illite may be 
formed in nature by synthesis from the fun- 
damental components under certain conditions. 
An example was given by Murray and Renard 
(1891) who postulated formation of glauconite 
in sea muds from colloidal silica and ferric 
hydroxide originating from the decomposition 
of clay and reacting with potassium- and mag- 
nesium ions from sea water. Glauconite, how- 
ever, needs more magnesium and especially 
more ferrous iron than illite in addition to a 
reducing environment. As these conditions are 
less commonly found in nature, glauconite is 
only found in marine sediments and there- 
fore it is a less common clay mineral than 
illite. 

At 
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Fig. 23 — D.t.a. of micas. 


According to Hendricks and Ross (1941) 
celadonite is a variety of glauconite which 
contains more magnesium but less aluminum. 
It is found in basaltic rocks as vesicular fillings 
but also as well-developed pseudo-morphosed 
augite cerystals. It resulted here from hydro- 
thermal action. As a consequence of their same 
structure celadonite cannot be distinguished 
from glauconite by X-ray analysis — see plate 
10. However, d.t.a, shows a slight difference, 
the endothermal reaction of celadonite occur- 
ring at a somewhat higher temperature than 
that of glauconite on account of its somewhat 
higher Mg content. The maximum strength of 
the peak was found at 680 and 580° C, res- 
pectively (see figure 22). 


MICAS 


By X-ray analysis the various members of 
the mica group may be distinguished from 
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each other by means of their characteristic 
060 reflection varying from d = 1.47 A. 
(margarite) td = 154 A. (biotite, lepido- 
melane). The difference, however, is sometimes 
very small e.g. between biotite (d = 1.54 A.) 
and phlogopite (d — 1.53 Ay. AR differen- 
tiation of the micas according to the intensities 
of their X-ray reflections is generally too 
difficult, as was pointed out many years a80 
by Nagelschmidt (1937). To take an example, 
the introduction of Li+* and F--ions in the 
muscovite structure substituting for Alt++ 
and OH--ions, as happens in lepidolite, causes 
only slight differences in the scattering power 
of the original Al tt*, and © (OH) -10n3: 
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Fig. 24 — D.t.a. of muscovite and lepidolite in 
‚various amounts. 


The same holds for the substitution of Mg ++_ 
for Al +++ -ions in the biotite structure, as 
happens with phlogopite. Only the introduction 
of large amounts of Fet+ -ions in the biotite 
structure (lepidomelane) or Cat+ -ions in the 
muscovite structure (margarite) gives rise to 
appreciable differences in the intensities of 
some of the X-ray reflections — compare the 
X-ray photos on plate 11. 

By d.t.a. some evident differences between 
the various members of the mica group may 
be observed which are discussed below. The 
micas are divided here into dioctahedral- and 
trioctahedral members, a classification usually 
employed in the nomenclature of this group 
of minerals — see footnote 12 on page 422. 

Dioctahedral micas: muscovite, sericite, 
paragonite, margarite. — Muscovite and sericite, 
the latter being a variety of muscovite which 
contains less K but more H»0, gives only a 


very faint high-temperature endothermal 
reaction at about 800—950° C — see figure 23. 

According to Arens (1951) if the particle 
size of a sample is larger than about 20 
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mitures in various amounts. 

microns, the specific surface of the mineral 
to be investigated is too small for dehydration 
reactions to occur rapidly enough to yield 
pronounced reaction effects in d.t.a. This may 
account for the fact that dehydration reactions 
of micas are frequently found to be faint and 
spread over a rather wide temperature range. 
Grinding of the material to a definite upper 
limit of particle size prior to d.t.a. may be 
suggested to meet this difficulty, 

Grim and Bradley (1951) observed that the 
endothermal reaction of muscovite may be 
intensified and shifted to lower temperatures 
in case of fine grained material. This effect 
may be observed in figure 6 presenting d.t.a. 
results of muscovite in several grades of 
fineness. 

Figure 23 shows the thermograms of the 
coarse grained members of the mica group 
differing only in the kind of cation in 12- 
coördination and a substitution of SisAlı for 
SisAle in the case of margarite. It may be 
concluded that by a replacement of K+ by 
Na + -ions in the interlayers (paragonite), the 
faint high temperature endothermal reaction 
(800 -950° C) of muscovite is intensified. Sub- 
stitution of Cat+ - for K+ -ions in the inter- 
layers and the corresponding substitution of 
SisAlı for SisAle in the tetrahedral layers 
(margarite) still more intensifies the high- 
temperature reaction of muscovite. Besides, 
the reaction is shifted to a higher temperature 
i.e. from 800—950° C to 900—1030° C. 


Thermograms of artificial mixtures of mus- 
covite and lepidolite are presented in figures 
24 and 25. From these it appears that lepidolite 
may be traced to occur in a sample on sight 
when present in an amount of about 10 %. 


Trioctahedral: lepidomelane, biotite, phlo- 
gopite, zinnwaldite, lepidolite: — From figure 
23, surnmarising the d.t.a. results of the 
trioctahedral micas, it may be concluded that 
zinnwaldite and lepidolite may be distin- 
guished from each other by the difference in 
the intensity of the endothermal reaction at 
800—950° C and 825—925° C respectively. They 
hoth may be distinguished from lepidomelane, 
biotite, and phlogopite, as the latter three 
minerals do not show a significant endothermal 
effect when heated to about 1000°C. Apparently 
the binding strength of the OH- group in the 
mica crystal is reduced by the introduction of 
Li, - and F--ions, substituting for Alt++ - 
and OH--ions in the octahedral layers as 
happens in zinnwaldite and lepidolite. 


ORGANIC MATTER 


According to Agafonoff (1934), soil organic 
matter is decomposed between room tempera- 
ture and 600°C in d.t.a. Exothermal reactions 
are spread over a rather wide temperature 
range. The firmness with whiciı the sample 
is packed in the sample holder and nature 
of the organic matter (more or less easily 
oxidable and amount of calorıies which are set 
free per gram of organic matter) are factors 
by which the shape of the d.t.a. curve is 
influenced. 

According to Grimshaw et al. (1945) exo- 
thermal effects caused by organic matter are 
often so pronounced as to reduce, or even to 
obliterate any endothermal changes which may 
take place simultaneously. Heady (1952) 
. found that by decomposition of organic matter 
between 375 and 500°C in the d.t.a., the 
magnitude of the thermal peaks of kaolinite, 
illite and quartz present in the oil shale in- 
vestigated, were decreased. In figure 26 d.t.a. 
results are summarized of the clay ( <2 u) 
separated from soils containing from 5 tot 20 % 
organic matter (humus) before and after 
treatment with HsOs. It appears that organic 
matter in the clay separates, gives rise to 
exothermal reactions spread over a wide 
temperature range beginning at about 200° C 
and ending with a strong peak at about 600 
to 750°C. In all cases thermograms become 
flattened when the sample is treated with 
H>0Os before the d.t.a. 
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Fig. 26 — D.t.a. of clays (<2,„) separeted from 
soils, without and after oxidation of organic 
matter with HsO3». 


Dusorıte 


Cekanol 


Coarbo..lignın 


Dopplerite 


es) 1 FREE: N 
°® 600° 700° 800° 00° ıooo® C 


ur N 1 
100° 200° 300° 400” soo 


Fig. 27 — D.t.a. of various carbonaceous material. 
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Fig. 28 — D.t.a. of various amounts of dopplerite 
(kumie acid) and inert „-AlsO;,, the total being 
— 5 lEme 


Samples containing more resistant organic 
matter such as dusarite, cekanol, carbo-lignin 
and dopplerite (crude humic acid found in 
nature in peats) show endothermal reactions 
which are not only irreproducible, but besides 
spread over a still wider temperature range as 
those occurring in the foregoing samples — 
see figure 27. 

In figures 28 and 29 the resuits are presented 
of dopplerite and carbolignin when varying 
amounts of these carbonaceous materials are 
mixed before the heating in the sample holder 
with inertt « — AlsO; to a total of 400 mg. 

From these it appears that the surface area 
of the thermal reaction is only a very poor 
measure for the percentage of organic material. 
Restricted oxygen supply to these samples 
which are highly carbonaceous, obviously 
prevents any quantitative result. 
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SCHISTOSITY AND SHEAR IN MICRO- AND MACROFOLDS 


1. Ur DE SITTERI 


SUMMARY 


The examination of some examples of microfolds 
in schistose rocks. leads to the conclusion that 
the schistosity planes, which invariably are 
parallel to the axial planes of the microfolds, are 
perpendicular to the largest principal stress- 
direction. The difference in folding mechanics 
between the shaly and sandy parts of the same 
microfold are attributed to a difference in relation 
of the elastico—viscous properties of the 
material to the stress. A comparison of these 
microfolds with macrofolds of the “similar” kind 
leads to the conclusion that in general the shapes 
of large folds are repeated in small folds and in 
microfolds and it is suggested that the schistosity 
planes of microfolds might be represented by 
fault or crush zones in large folds. 


CONTENTS 
Sekistositys In?MWMCrofolds. „une 428 
EINIESAUCH OT Ken hear 418 
Description of microtectonical 
SDECHWEN I N nen: nee 428 
Sehlstosity, shearzın Slatesen. en cccecen 432 
Niero-zand macerofoldsur: . 2er... seen: 435 
INroducHonk Kar N aaa 435 
Similarity in shape of micro- and 
MACLIOIAS Eee ae 436 
Eher CauSEHOE/SCHISTOSIEY Te ehe ie een a ces 437 
Keterenecese ee less wertete 439 


SCHISTOSITY IN MICROFOLDS 


Introduetion 

We will start our investigation into the 
relation between schistosity and microfolds 
by examining some samples. Because we will 
arrive at our conclusion without referring to 
the literature on this subject we will neither 
refer to it in the text, but we want to point 
out from the beginning that our investigation 
runs parallel to that of many others, among 
whom Fourmarier (1951, 1952) is perhaps the 
most prominent one. On the other hand there 
has been a long controversy between those 
who regard schistosity planes as shear planes, 
making a roughly 45° angle with the largest 
principal stress and those who regard them as 
dilatation planes perpendicular to this stress. 
Goguel (1945) defended the last mentioned 
view in accordance with Fourmarier and Born 
(1929) and our. own conclusion. The contro- 
versy arises from the fact that planes of 
internal movement perpendicular to the 
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largest principal stress never or very rarely 
appear in experiments whereas they are 
common in nature. We will study this contro- 
versy between the experiment in the labora- 
tory and in nature further on. 


Description of microtectonical specimens 


The first example of microtectonical folding 
has been taken from a slab consisting of a 
quick alternation of siltstone and slate taken 
from the Ordovician in the Rio Lladorre of 
the Spanish Pyrenees. The Ordovician series 
are very thick, several thousands of metres of 
slates, schists, silts, sandstones and grits, and 
although it is pretty certain that anticlinal and 
synclinal hinges exist, it is almost impossible 
to discern these folds in the isoclinal 
sequence. The series are slightly schistose and 
have a general dip of 60—80° north and an 
E-W strike. On. the road along the Rio 
Lladorre, some kilometres below streams of 
Ribera de Cardös one of the very few hinges 
can be observed, and the present specimen, 
plate 1A, shows the crumpled condition of 
the almost horizontal strata on the top of 
the anticlinal hinge. 


A careful analysis reveals first of all that 
the sandlayers, light coloured on the photo- 
graph, are not continuous throughout, they 
split up, wedge out and are replaced by slate. 
In consequence it is almost impossible to 
decide everywhere whether thickness dif- 
ferences of certain layers are due to original 
sedimentation or to subsequent squeezing. 
Nevertheless it appears quite clear that in 
detail the slate layers are very much more 
apt to thin out in the flanks of the folds as 
compared to their hinge position than the 
sandlayers. Plate 1B reveals that this thinning 
is due to a multitude of small parallel shear 
planes, very oblique to the stratification in 
the flank and perpendicular to it in the hinges. 
These shear planes are lacking in the sand 
layers, but then we hardly see any trace of 
internal motion in these sand layers. However 
in some instances as in plate 2A we can see 
that the sand layers are deformed by parallel 
concentric shearing in contrast with the slate 
layers which show parallel planar shearing. 
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In the anticlinal bend of the sand we discern 
a concentric pattern due to very thin shale 
films in the sand along which the movement 
has taken place. In accordance with this obser- 
vation the upper limit of this sand describes 
a much broader arc, and thus is concentric 
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Fig. 1 — Anticlinal bends in sandstone/slate 


alternation with sharp and smooth boundary 
planes. 


with its steeply pinched lower boundary as 
can be seen in figures 1 and 2. When the 
shale/sand limit is sharp we see that the sand- 
layer has moved along the boundary plane 
sharply cutting off all parallel shear planes 
of the shale, which curve into the boundary 
plane as in the upper shale boundary of 
fig. 3a. When on the other hand there is a 


smooth gliding 
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Fig. 3 — Clear cut boundary plane, left hand exam 


hand example, b, between sand and slate. 


slow transition from shale to sand the parallel 
shear planes are not cut off but continue 


in the sand and are only gradually replaced 
by a concentric shear as in fig. 3b. The same 
phenomenon can be seen in figures 1 and 2. 

The coexistence in the same minute fold 
of concentric- and planar shear, the latter we 
will call schistosity shear here, is therefore 
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Bis Anticlinal bend in sandstone/slate 
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clearly demonstrated. Concentric shear in the 
competent, hard and brittle sandstone layers, 
schistosity shear in the incompetent soft and 
ductile, slate layers, quite independently of 
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the stratification which is much better 
developed in the slates than in the sands. 


Let us consider the schistosity shear in 
some greater detail. The frequency of schis- 
tosity shear planes in the slate layers of the 
present specimen is about 5 per mm in the 
flanks of folds and about 3,5 per mm on the 
hinges. Moreover the frequency is to some 
extent dependent of the sand content, a sandy 
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shale layer has easily half the amount of 
shear planes, as can be seen on plate 2B for 
instance. The same example shows very well 
the pecularity that the shear planes often 
occeur in pairs. Sometimes it can be seen that 
one pair encloses the steep part of a minute 
fold leading from one step to another, as two 
faults enclosing a fault zone. 


The genera] pattern of the folds is that the 
sandlayers, concentrically folded to maximum 
compression within the geometrical possibility 
of this kind of folding, necessitate the shaly 
parts to accomodate themselves to the space 
left to them between the folds, which claim 
is accomplished mostly by schistosity shearing. 
A particular clear instance illustrating the 
different roles of the sandstone and shale 
layers is offered by another specimen from 
the same formation (Ordovician) from another 
locality (Barradös valley, Val d’Aran, Spanish 
Pyrenees), reproduced on plate 2C. Here the 
space left between the double anticlinal hinge 
at the bottom and the single syncline at the 
top is filled by a sheared sandy-shale bed. 
The shear planes are not clear cut shears, but 
present sheared zones of steeply inclined mica 
flakes between somewhat less inclined zones 
of often opposite inclination, both in relation 
to the shear direction (fig. 4). Sometimes 
both zones are about equal in width, 0.5 to 0.3 
mm, and equal in inclination angle; then both 
are about equally sheared. Obviously the 
compression perpendicular to the major stress 
and the extension parallel to the smallest 
stress is mainly effected by an accordeon 
action as the sketch of fig. 5a exemplifies. 
This mode of extension and compression is no 
way different from that of our first specimen 
from which it only differs by the sharper 
angles between the mica flakes which in the 


Fig. 5 — Accordeon, or zig-zag folding and sheared microfolds. 
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first example tend more to form round forms 
as in fig, 5b. 

In the Barrados specimen concentric habit 
of folding is particularly well expressed by 
numerous shale films in the sand, in which 
the concentric shearing has been concentrated. 
Although the Barrados sample is metamorphic, 
(less than half of the sericite has been replaced 
by biotite through thermal action due to a 
syntectonic intrusion of a pegmatitic granite) 
its mode of folding does not differ essentially 


Pegmatite 
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Fig. 6 — Concordant pegmatite dykes foldes 
together with surrounding schists, pegmatite is 
competent in relation to schists. 


from the sericite schist of the Rio Lladorre 
sample. In fig. 6 we see that the pegmatite 
sills are folded conformably with the schists. 
Our sample was taken from the core of one 
of the folds, its complicated structure being 
due to the crumpling inside the core of the 
anticlinal hinge. The pegmatite is competent as 
to the schists, and inside the schists the 
sandstones are competent as to the shales. 
Quite possibly there may be a still larger unit 
which is competent as to the pegmatite-schist 
series, but that has not been mapped yet. 


These crumpled schistlayers, filling up the 
space left by the pegmatite folds, consist again 
of sand and shale layers' of which the sand 
layers are folded concentrically and the shale 
layers fill up the space between the concentric 
folds and show schistosity shearing as shown 
by plate 3A and plate 2C. 


Schistosity shear in slates 

In one of the Barrados specimens (plate 3A) 
and also from plate 1B we have a particularly 
clear demonstration of the fact that schistosity 
shear is roughly parallel to the axial planes of 
the secondary folds except on the hinges 
themselves where they deviate only slightly. 
In none of the samples we examined there is 
any trace of cross-cutting shearplanes which 
one ought to expect when the shearplanes 
were orientated with a 45° angle to either the 
bedding plane or the largest principal stress, 
but whether the fold is steep or flat the shear- 
planes are parallel. From this fact we can 
draw two conclusions: 

(1) in the first place the shearplanes are 
developed perpendicular to the largest principal 
stress direction, e.g. the folding stress, because 
the axial plane will always be perpendicular 
to this stress; R 
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Fig. 7 — Microlithons flattened and displaced as 
plastie bricks in a row. 

(2) secondly, the shearplanes never deviate 
from this position, and hence are independent 
of the orientation of the bedding planes. 

From our experience we have learned also 
that the shear planes are closely connected 
with crumpling which is a means to achieve 
dilatation in the plane perpendiculair to the 
stress and compression in the stress direction. 
Our third conclusion therefore can be formu- 
lated as follows: 

(3) the shear planes enclose narrow slices 
which have been compressed between them 


4 


and have extended parällel to them. These 
narrow slices might be called “microlithons”. 

The process of the folding of a shale layer 
between two concentrically folded sandstone 
layers can be visualized as we have drawn in 
fig. 7. When we think of a row of still plastic 
clay bricks representing our microlithons 
which have slipped, one along the next, and 
at the same time have been flattened, we have 
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Fig. 8 — Accordeon folding in fine grained slate 
cf the Ordovician from the Vicdessos valley, 
French side of the axial zone of the Pyrenees. 


an adequate metaphore of the mechanism of 
schistosity shear. This kind of deformation in 
the slates is perfectly compatible with con- 


fig. 9 — Origin of dilatation along axial planes 
centric thear in the sandstone, and our examples 


have shown several kinds of transition from 
one mechanism to the next (fig. 3b for inst.). 


ku 
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The schistosity shear in the slates can of 
course extend itself either suddenly or 
gradually through the whole series by simply 
cutting through the intervening sandstone 
layers, and I think we are justified to regard 
our Ordovician specimen as a transition phase 
between ordinary folding and schistosity shear, 
the Rio Lladorre samples being further on the 
way to schistosity deformation. 


In some instances we could see how a 
schistosity shear plane developed from a 
particularly steep flank of a minute fold in 
the crumpled shale. The Barrados specimen 
gives a very clear example of this kind of 
birth of schistosity shear planes (fig. 4). The 
minute folds are here of the zig-zag fold type 
and when one flank becomes steeper than the 
other it gradually merges into a shear plane. 
In this respect another sample of the same 
Ordovician schists, this time from the Vicdessos 
valley in the French part of the axial zone is 
interesting (fig. 8). 


The rock is very fine grained shale or silt 
and its secondary folding is strictly of the 
accordeon type, We observe the parallelism 
of the axial planes, some of wich show up as 
distinctive fault lines. Also in those hinges 
where extra crumpling occurs instead of the 
usual clear cut contact between two flanks 
we find large recrystallized quartz grains. In 
the accordeon folding examples the extension 
in the direction of the axial planes and the 
compression perpendicular to them is achieved 
by tilting of the flanks. This movement neces- 
sitates on the one hand planar shear along the 
stratification planes in the sections between 


of accordeon folding. Line B is longer than Line A. 


the axial planes and another kind of planar 


shear along the axial planes. The last 


mentioned shear has a peculiar character 
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because the actual differential motion between 
the grains on both sides of the shear plane 
is everywhere very small or even non-existent, 
but there still is a definite dilatation along 
this line (see fig. 9), which therefore becomes 
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Fig. 10 — Bendigo Mine, Australia. Saddle reefs 
and dyke on axial plane of similar folds. From 
Herman, 1923. 
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a zone of minimum pressure, even of tension. 
Hence we often observe on the hinges recrystal- 
lisation of quartz. The phenomenon is identical 
with the well known “saddle reef”, for 
instance those of the goldbearing hinges of 
the Bendigo mine in Australia (fig. 10) 
(Herman, 1923). This kind of shearplane often 
develops in a fault line very consistent although 
with hardly any slip along it, when the strips 
which it divides do not behave in exactly the 
same way or have a different dip, and is 


sometimes invaded by a dyke as in our 
Australian example. A good example of an 
axial fault of this kind is given by fies 
a zig-zag fold of much larger dimensions 
taken from the Ruhr coalfield. It is obvious 
bij comparison of our figures 4 and 8 that the 
axial planes are comparable or identical in 
function with the schistosity shear planes, 
they both divide strips of different kinds of 
distortion and both are orientated in the 
direction of maximal extension, perpendicular 
to the maximum stress. 

We may go one step further and assume 


that the schistosity shear planes are identical 
in function with schistosity planes, they differ 


Fig. 11 — Similar folding in Ruhr coal field with 
axial plane fault. 

only in the way that schistosity planes do not 
necessarily separate strips of different distor- 
tion, they may develop also without the help 
of secondary microfolds as in the flank of the 
fold of the Barrados specimen (plate 3A). 


On plate 3B for instance we see a ordinary 
schistosity plane in a very early stage, cutting 
obliquely through the stratification. The 
specimen of the slide of plate 3B was taken 
from the same Ordovician schists of the Rio 
Lladorre but further in the flank where the 
dip was some 70°N, A photograph, plate 3C, 
of the specimen shows the relation between 
the schistosity surfaces, the tiles of the photo- 
graph, and the bedding, the hade of the roof, 
their intervening-angle being + 10° only. 

In the slide (plate 3B) we see that the 
schistosity is still poorly developed although 
the rock already cleaves along the schistosity 
planes. We concluded from this evidence that 
in contrast with the specimen of the crumpled 
schists (plate 1A) the schistosity only 
developed in a late phase of compression, all 
the movement being taken up before by slip 
along the bedding plane. The difference is most 


probably due to the different position in the 
fold, one in a hinge with secondary crumpling, 
the other in a regular flank. Another factor is 
doubtless the absence of relative thick and 
coarse sand layers in the second specimen, 
and doubtless with increasing dip of the flank 
the shear along the bedding plane became 
less and less attractive, until ultimately shear 
oblique to the bedding plane but perpendicular 
to the stress developed. 


From this evidence we may conclude that 
on the one hand the development of schistosity 
is favoured by uniform fine grained sediments, 
and develops in an earlier stage in the hinges 
than in the flanks and on the other hand that 
schistosity shear in the slates between the 
sands develops in an earlier stage and easier 
than general schistosity and finally that the 
latter is the ultimate stage of distortion at a 
certain depth. Both movements, concentric 
shear and schistosity-shear bring about 

“ recrystallisation of sericite on the slip planes, 
and hence the presence of sericite or other 
micas on curved or planar planes does not 
prove that real schistosity-shear exists. On 
the contrary the very common statement of 
field geologists that the schistosity coincides 
with the bedding simply confirms that the 
folding has partly taken advantage of the 
bedding plane by slipping along it. Moreover, 
as the rock cleaves always easier along a 
bedding plane between a sandstone and a slate 
bed than anywhere else the schistosity-shear 
in the slates remains undetected. The presence 
of schistosity, either in the slates only or 
throughout the rock is however very important 
because it determines the kind of folding of 
the rock seen as a whole. When it is present 
we have similar folds, when it is absent we 
have concentric folds. 

In this respect we have to consider another 
kind of folding, where the shape is purely 
similar but no shear planes of any kind are 
visible. This is the folding in recrystallized 
rock, which we meet most often in impure 
marble. Plate 4A gives us an example of a 
folded marble of the same age and general 
locality as the other specimen. We still notice 
the presence of slipplanes in the perfect 
stmilar folds. We may presume that all the 
internal movement was the kind of schistosity 
shear, dilatation in a plane perpendicular to 
the main stress, but the actual shear planes 
were partly obliterated by the simultaneous 
recrystallization, As the bedding planes are 
preserved to a certain extent we are certain 
that no other kind of motion took place. This 
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kind of deformation we might call “directed 
homogenous” deformation. It is possible that 
homogenous deformation might also take place 
without any recrystallization process, for 
instance when the slipplanes were as numerous 
as the grains of the rocks. On the other hand 
we often see in recrystallized marble and in 
banded gneisses all kind of flow structures, 
comparable to those found in salt domes. 
Apparently we can distinguish next to con- 
centric shear and schistosity shear a flow 
shear as the most mobile kind of rock 
deformation. This would be a “non directed 
homogenous” flow. 


We must not forget, however, that the kind 
of schistosity and shear we have been 
discussing here, is not the only possible kind 
of shearing. On the contrary we might expect 
that besides concentric shear, planes making 
a 45° angle with the largest stress can develop. 
Some examples of zig-zag (or chevron) folding 
may be due to this kind of slip. Whether it 
leads also to some kind of schistosity I wonder, 
I never could find an example at least. 


On the other hand there is a kind of 
schistosity which is characterized by its sub- 
horizontal position and has been called load- 
schistosity. Personally I do not believe this 
is the right explanation of this subhorizontal 
kind of schistosity, but in this paper we are 
not concerned with these other kinds of shear 
and schistosity. 


MICRO- AND MACROFOLDS 


Introduction 


We mentioned already a series of accordeon 
folds increasing from the dimension of 0.3 mm 
base to that of a 300 m base (figs. 4, 8, 10 and 
11). On plate 4B we give an example of a 
thrusted anticline developed in a lime-silicate 
rock, a totally recrystallized marl of the 
Ordovician of the Pyrenees. Its shape could 
be matched easily with hundreds of sections 
of anticlines of a 100 or a 1000 times bigger 
size. Every fieldgeologist will be able to multi- 
picate such series, and one can state confi- 
dently that every kind of major structure 
will find its duplicate in microfolds, but 
presumely not the other way round that 
very microfold can be matched by a macro- 
fold because microfolds are relatively free 
from the influence of gravity, 

The upper size limit is in general given by 
gravity, the lower size limit by the grain of 
the rock and in particularby the size of the 
mica flakes. 
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Similarity in shape of micro- and macrofolds 


This astounding similarity is a general rule, 
many geologists have commented upon it, 
but its theoretical background has never been 
discussed, as far as I know, although it leads 
to interesting conclusions. 


In experimental tectonices it is generally 
known that by reducing the scale of length, 
time and mass in the model, we are forced to 
apply certain reductions to the properties of 
the experimental material in order to maintain 
the right proportion in the forces and dynamic 
similarity. We choose in general three indepen- 
dent reduction factors viz: time t, length l, and 
density d, aprocedure which is only warranted 
when the experiment is performed slowly 
so that we may neglect the inertia of the mass. 


Hubbert (1937) gave us a handy list of the 
reduction factors for the material properties 
deducted from these primary ones (neglecting 
inertia), for instance: 


strength or elastic modulus = dl 


This means that when a scale model of a 
fold is some 1000 times smaller, and the ex- 
periment is 100.000 times quicker performed 
than the object in nature, whereas its density 
is about the same, the strength of the material 
ought to be: 

1 x 1/1000 = 0,001 of the original, a result 
which has induced many experimentators to 
choose very soft substances like mud, butter 
or melted paraffine for their experiments. 
Unfortunately the expression for the viscosity 
reduction factor is 


ed = 1 x VA x WAHRE = NE 


and it is extremely difficult to find a material 
which has the appropriate relation in strength 
and viscosity. Hence it is doubtful whether we 
ever can perform model experiments of folds 
with dynamical similarity intact because it 
becomes impossible to maintain the right 
proportions between strength and viscosity 
in the model. 


But to return to our problem, which is not 
experimental, we notice that the reduction 
factors of time, density, strength, elastic 
properties and viscosity are all equal to 1 
because it is the same rock folded in the same 
folding phase as its bigger brother, only the 
length is reduced. Applying the same norms 
as in the case of a model experiment one 
notices that. the similarity between micro- and 
macrofolds is not conform the theory, because 
the length reduction occurs in all the formulas 
of the material properties: 


strength = || 

stress — I. ed 7X 1/2000 
elasticity = | \ - 

viscosity = | dt SR 1/00 


a condition which is obviously not met in 
the microfolds. 

Still the similarity between micro- and 
macrofolds is striking. Apparently there exists 
a complete independence of the size reduction 
ratio, or, the shape of a fold, concentric 
or similar, is independent of dynamic simi- 
larity. This need not surprise us because a 
shape is a curvature or a combination of angles 
which have no dimension and is therefore 
independent of any primary reduction factor. 


However, one wonders then why it is so 
very difficult to reproduce in an experiment 
an acceptable similarity in shape, although the 
experimentator took some reasonable precau- 
tions? The answer lies in the fact that every 
fold (and fault!) in nature is a result of both 
elastic and permanent deformation acting 
simultaneously, and that the state of elastico- 
viscosity lies within a narrow range just above 
the elasticity limit or strength, or just below 
(that depends on the definition of this threshold 
value), and there the viscosity is so high that 
only an extremely slow motion is possible. As 
soon as the deformative stress is raised in 
order to get done with the experiment in a 
reasonable time we step out of this elastico- 
viscous range into the plastic range and other 
modes of deformation are valid, and similarity 
in shape is lost. 


Nevertheless we can still draw a conclusion 
from the noted similarity in shape. It means 
as far as I can see that both the micro- and 
the macrofold must have the same mode of 
deformation in order to achieve similarity. 


The reason that the model fold is nearly 
always different from the natural fold lies 
in the fact that in general we do not succeed 
in reproducing the same mode of deformation. 
If we could get concentric shear or schistosity 
shear in the model we would get exact 
similarity and this has been achieved in some 
instances. 


The shape of a fold is dietated by only one 
factor and that is the elastic property of a 
competent layer, its size by another factor 
and that is the thickness of the stratigraphic 
sequence involved in that fold, and perhaps 
that of a particular competent bed. The latter 
factor, however, leaves a fold a wide choice 
because the presence of incompetent layers 
permits the detachement of one bed from 


another or from one group from another, each 
folded in its own way. In each detached group 
a particular competent layer will determine 
the shape and to a certain extent also the size 
and this will bring about the splitting up in 
groups of different folds one above the other. 
No doubt it is this process which causes a fold 
of the same shape but 0.01 of its size to develop 
in the hinge of a larger fold, each time its 
size and shape dictated by a smaller unity of 
competent beds, until the last microfold is due 
tot a thin sand layer. 


A certain gradation in foldsizes is inherent 
to such process because an amplitude n of a 
large fold prevents the development of the 
sizes 2 n — 5 n, or 1/2 to 1/5 n, they would 
hinder its own development, but will permit 
again sizes of 10 n or 1/10 n perhaps and again 
100 n or 0.01 n, or some other larger gradation 
factor. 


We have found a certain connection between 
the smallest microfolds and the frequency 
of schistosity shearplanes, which we might 
express perhaps as a more or less fixed relation 
between the curvature and the distance 
between the shearplanes, or the width of the 
microlithons. Having the gradation factor in 
mind one might presume that larger micro- 
folds and larger folds have the same influence 
on the mutual distance of shear planes, which 
we would call faults when a large fold is 
eoncerned. In this way the mylonite zones in 
a crystalline mass or the typical disruption 
of the Pelvoux massif (fig. 12) (Goguel, 1952, 
p. 225) in longitudinal zones would be simply 
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mechanics of surficial rocks and deeply buried 
rocks, with other words of the sedimentary 
blanket and the basement. or between super- 
structure and infrastructure. We know that 
the latter is typified by schistosity and the 
former by non schistoze folds and faults. 

In the terms of our investigation we could 
state that the distortion of the surface rocks 
is controlled by elasticity and shear along 
concentric planes and perhaps shear along 
45° planes and that of the basement by 
dilatation and compression, or with other 
words the former by simple shear, concentric 
or planar, the latter by pure shear. There is 
a large transition zone where schistosity shear, 
false cleavage and true cleavage play an 
important role. I think we may rest assured 
that false cleavage in shale beds between 
competent beds is nothing but a form of 
schistosity without any recrystallisation on 
the shear planes, and that ordinary cleavage 
is identical with true schistosity except the 
absence of recrystallisation. The cleavage 
would be typical of a higher tier of the 
transition zone than the schistosity shear. 


From top to bottom we should find then 
concentrice folds with thrust structures, con- 
centric folds with false cleavage and real 
cleavage, similar folds with schistosity shear, 
initial stages of schistosity, homogenous 
schistosity and finally flow structures. 


THE CAUSE OF SCHISTOSITY 


I think we have clearly demonstrated that 
the difference in reaction to deformative stress 


between the sand layers and slate layers is 
due to a difference in material properties, 


[0) 5 ıokm 
Fig. 12 — Schematic section through Pelvoux massif (Western Alps). 
a large scale replica of schistosity shear 
typical of planar shear deformation. The 


microlithons would analogons to the macro- 
lithons of the Pelvoux massif. 


The deductions from the contemplation of 
a few samples of the initial stages of schisto- 
sity have led us far afield in the region of 
speculation about the nature of distortion. 
There is, however, one aspect of this question 
on which we have not yet touched, and that 
is the problem of the difference in distortion 


generally referred to as competency and in- 
competency, contrasting in concentrie and 
planar shear. 


But why should one rock react differently 
to a stress thans another? The answer, which 
is often given that the stratified rock reacts 
by concentric shear because the well developed 
bedding plane predisposes it tot such shear 
is certainly untenable for our specimen in 
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view of the much better stratification of the 
slates compared with the sands. 

I think we have to go back to the material 
properties of the rocks to find the answer. 
As pointed out already deformation of rock 
takes place in general in the narrow range of 
elastico-viscous deformation between the 
elasticity- and plasticity limits, or with other 
words in that range of low stress where 
the viscosity being differential is very high. 
The growing stress eventually exceeds the 
strength or elasticity limit and when the 
deformation sets in the elastic properties are 
not lost because the viscosity is extremely 
high. But this threshold value which the stress 
has to exceed is not at the same level for 


stress 


‚deformative stress level 


elasticity limit of sandstone 
plasticity limit of slate 


ER 


elasticity limit of slate 


strain velocity 


Fig. 13 — Viscosity curves for sandstone and slate 
and the elasticity and plasticity levels for these 
rocks. 


every kind of rock. Nevertheless the motion 
cannot start unless the strength of the strongest 
rocks has been exceeded, but then the strength 
of the weakest rock is at a much lower level 
and there the stress has even exceeded another 
yieldpoint, the plasticity limit, and entered 
into a field where the viscosity is considerably 
lower. Hence, the stress is in the elastico- 
viscous range for the compentent rock and in 
the plastic range for the incompetent rock. 


Therefore the competent rock reacts as an 
elastic body where eventually relaxation 
replaces the elastically acquired shape by 
permanent deformation, and the incompetent 
rock has become independent of elasticity. 
The difference in mode of deformation is due 
to a different relation between stress and 
strength for the competent and incompetent 
members of the rock sequence. 


We might presume that for other rocks 
with even less resistence to deformation than 
the slates, another yield limit is exceeded, 
which we might call the flow limit. With the 
same stress these rocks like banded gneiss or 
marbles will show flow structures. Possibly 
this flow limit is exceeded under the influence 
of a temperature rise because flow seems to 
be restricted always to recrystallized rocks, 
except in saltdomes. 


This conclusion has far reaching conse- 
quences because we find this difference in 
behaviour not only in a single slab of rock 
but on a much wider scale in different tiers 
of a mountain chain, between infrastructure 
and superstructure, and even between dif- 
ferent mountain chaıns. 


In the infrastructure we find schistosity 
above flow and in the superstructure con- 
centric shear, which would indicate that the 
stress which by exceeding the yield value 
of the superstructure and causing there 
concentric folding, has already exceeded the 
plasticity limit of the infrastructure and causes 
schistosity in the infrastructure and flow 
further down. 


We might even suppose that when one cross 
section through a mountain chain offered 
greater resistence to stress than another, the 
whole belt could not be compressed unless the 
strongest resistence had yielded. But then the 
stress may have exceeded the plasticity limit 
cf the weaker section and the two sections 
will differ in mode of deformation, the 
stronger with a superstructure typified by 
concentrice shear and an infrastructure with 
schistosity shear, the weaker section with a 


PLATE i 


A— Polished slab of Quartz phyllade taken from an anticlinal hinge in the thick Ordovician series 
of the Rio Lladorre, Spanish side of Axial zone of the Pyrenees. 
B — Enlargement of part of fig. 1 by means of a large thin slide. 


} PLATE 2 
A — Schistosity shear in slates, concentrie shear in sandstone, from Rio Lladorre specimen. 
B — Sheared slate layer between two thin sand bands. 


C — Thin slide of Ordovician quartz phyllade from the Rio Barrados, Spanish side of the axial zone 


of the Pyrenees. 
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superstructure of isoclinal or similar folds and 
an infrastructure with flow features. 

In this reasoning we have not considered 
the increasing confining pressure and tem- 
perature with depth, which certainly exerts 
its influence on the material properties of rocks. 
The experimental evidence indicates that 
increasing confining pressure makes the rocks 
more ductile and increases their viscosity but 
probably not the differential character of the 
viscosity. The temperature increase can only 
lower yieldpoints, 

The great effect would be to rise the yield- 
points of the infrastructure, but with our 
present experimental evidence it is impossible 
to predict anything about the relation of 
elasticity and plasticity limits or the viscosity 
curves at that depth and temperature. 


REFERENCES 


Becker, G. F. (1893) — Finite homogeneous strain, 
flow and rupture of rocks. Bull. Geol. Soc. 
Am., vol. 4, pp. 13—90. 


439 


‚ (1896) — Shistosity and slaty cleavage. 
Journ. Geol., vol. 4, p. 429. 


Born, A. (1929) — Ueber Druckschlieferung im 
variszischen Gebirgskörper. Fortschr. Geol. 
Palme Bde 772 11822,.0p9329-4277 


Fourmarier, F. (1951) — Schistosite, folation et 
microplissement. Archives des Sciences, 
Geneve. 156 annee, pp. 5—23. 


——, (1952) — Apercu sur les deformations 
intimes des roches en terrains plisses. Ann. 
Soc. Geol. Belg., t. 75, pp. 181—194. 


Goguel, J. (1945) — Sur l’origine m&canique de 
la schistosite. Bull. Soc. geol. Fr., 5e s., 
t. 15. pp. 519522: 


-——, (1952) — Trait&e de Tectonique (Masson), 
Paris. 384 pp. 


Herman, H. (1923) — Structure of Bendigo Gold- 
field. Bull. geol. Surv. Victoria, vol. 47. 


Hubbert, M. K. (1937) — Theory of scale models 
as applied to the study of geological 
structures. Bull. Geol. Soc. Am., vol. 48, 
pp. 1459—1520. 


PLATE 3 
A — Schistosity shear in flank is parallel to axial plane. Other specimen from same locality as pl. 2C, 


Barrados valley. 


B — Ordovician slate, thin slide, showing faintly schistosity making an angle of only 10° with bedding. 


The rock ruptures along the schistosity planes, though. Be f 
C — Rock specimen from which slide pl. 3B was taken. The “tiles” are schistosity planes. 


PLATE 4 


A — Similar folding in recrystallized marble. 


B — Thrusted anticline in lime-silicate rock of the Ordovocian of the Pyrenees, Vicdessos valley. 
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General Secretaries: Mr. Eduardo J. Guzmän, 
Chief Geologist, Petroleos Mexicanos; 

Mr. Jenaro Gonzälez Reyna, Chief Geologist, 
National Research Institute for Mineral Resources; 

Treasurer: Mr. Antonio Garcia Rojas, Explora- 
tion Assistant Manager, Petroleos Mexicanos; 

Het adres van het XXe Congres is: 

XX Congreso Geolögico Internacional, Comite 
Ejecutive Organizador, Balderas 36-302A, Mexico 
1, MEXICO. 


BESTUURSMEDEDELINGEN. 


De leden van het Genootschap, ook de buitengewone leden, worden er nogmaals aan herin- 
nerd, dat zij welkom zijn aan de lJunch van de Raad van Bestuur, tijdens zijn vergadering in 
hotel Terminus te ’s-Gravenhage, op de derde Zaterdag van elke maand, te ca 12.30 uur. 

Het Bestuur van het Genootschap zal het voorts op prijs stellen, indien meer buitengewone 
leden de voordrachten op de derde Zaterdag van elke maand bijwonen, opdat een nauwer 
contact tussen hen en de gewone leden wordt verkregen. 

Tevens wordt herinnerd aan het samenzijn van leden van het Genootschap, elke Vrijdag- 
avond om circa 17 uur (5 uur) in Continental Bodega, Plein/Korte Poten, ’s-Gravenhage. 


| PRIJS VOOR GEOLOGISCHE OF MIJNBOUWKUNDIGE PUBLICATIE. 
Herinnerd wordt aan het besluit van het Bestuur van het K.N.G.M.G, van 19 Januari 1952 
elk jaar te overwegen een prijs van f 100,— toe te kennen voor het beste artikel op geologisch 


of mijnbouwkundig gebied, geschreven door een buitengewoon lid van het Genootschap, en 
opgenomen in het tijdschrift Geologie en Mijnbouw. 


Bij toekenning wordt de prijs uitgereikt op de jaarvergadering van het Genootschap. 


ERROR Esp 


Boor en Spade, VI. Verspreide bijdragen 

tot de kennis van de bodem van Nederland. 

(Stichting voor Bodemkartering, Wagenin- 

gen). ix + 250 blz., geillustr. H. Veenman 

>” en Wageningen 1953. Prijs ingen. 
.65. 


De 22 bijdragen, die in dit nieuwe deel van 
Boor en Spade zijn opgenomen, bestrijken weer 
een zeer gevarieerd terrein. Naast zuiver geolo- 
gische bijdragen vindt men er ook, die handelen 
over de grond in verband met kunstmatige be- 
regening. De meeste artikelen hebben echter be- 
trekking op bodemkundige onderwerpen van het 
type, dat ook door kwartair-geologen met ge- 
noegen en vrucht gelezen wordt. In tegenstelling 
tot sommige vroegere delen is het aantal hier 
herdrukte bijdragen zeer gering, nl. slechts twee. 
De overige artikelen zijn nieuw, of verschijnen 
hier voor het eerst in druk. 

Dit deel bevat in de eerste plaats de tekst 
van de voordrachten, die door medewerkers van 

de Stichting voor Bodemkartering zijn gehouden 
tijdens de bijeenkomst van de Nederl. Bodem- 
kundige Vereniging in November 1952. De bij- 
drage over heterogenisatie en over homogenisatie 
van het bodemprofiel, resp. door Veenenbos en 
Hoeksema, zullen zeker sommige sedimentologen 
tot nadenken stemmen. 

Een drietal uit geologisch oogpunt zeer be- 
langwekkende bijdragen, heeft betrekking op 
het stuwwallengebied van Midden-Nederland. 
Maarleveld schrijft over de standen van het 
landijs in Nederland (Midden-Nederland zou een 
betere geografische aanduiding zijn geweest). 
Hij bouwt hier voort op het reeds vroeger be- 
gonnen en beschreven onderzoek van helling en 
stekking van de afzettingen, die de stuwwallen 
opbouwen, maar breidt het onderzoek nu uit tot 
het gehele stuwwallengebied van Midden-Neder- 
land. Aldus is een verdere precisering van de 
volgorde van ontstaan van de stuwwallen moge- 
lijk, terwijl tevens getracht wordt de ligging 
van het ijsfront op verschillende momenten te 
bepalen. Een tweede bijdrage van dezelfde schrij- 
ver geeft ons een samenvatting van de geologi- 
sche geschiedenis van de zuidelijke Veluwe naar 
de nieuwste onderzoekingen. Schelling bericht 
over twee studiekarteringen op de Veluwe, die 
een welkome uitbreiding van onze kennis over 
de detailstructuur van een glaciaal gestuwd com- 
plex betekent. Ook dit zesde deel van Boor en 
Spade zij geologen ter bestudering aanbevolen! 

AmBr: 


Mountain building. A study primarilı, based 
on Indonesia, region of the world's most 
active crustal deformations, by Rein W. van 
Bemmelen with an introduction by Ray- 
mond C. Moore. xii + 177 pag., 51 fig. 
Martinus Nijhoff: ’s-Gravenhage, 1954. Prijs 
geb. f 12.50. 

It is a pleasure to record the appearance, in 
English, of an authoritative and readable compi- 
lation of that closely knit complex of concepts on 
voleanism and tectonics — the “undation theory” 
—- and the elaborations which have accrued 
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during more than twenty years since its publi- 
cation. 

Althoush the title of this book rightly stresses 
mountain building as the main subject, the strati- 
graphy, geophysics, and tectonic evolution of the 
orogenetically active Malayan archipelago are 
examined at length, since the author utilises his 
intimate knowledge of this interesting area to 
illustrate his hypotheses. 

The large number of clear and instructive 
illustrations will help the geologist to form a 
eritical opinion on this intensely important 
matter. 

Hitherto the fundamental aspect of tectogenetics 
has been studied by so few experts that it is not 
surprising that even our most important textbooks 
too often dispose of it in a few short, unconvincing 
paragraphs. 

In his able introduction Raymond C. Moore 
(American guestprofessor at the University of 
Utrecht 1951/52) agrees with the fundamental 
principles of undation-tectonics, primarily caused 
by geochemical (plutonic) forces with secondary 
deformations due to gravity. 

Among the many important and intriguing 
topics dealt with the following five deserve 
special attention: 


(1) the significance of placement of ophiolites 
and other suites of co-magmatics, 

(2) the relationship of geanticlines to gravity 
anomalies, 

(3) the meaning of volcanic and non-volcanic 
island-arcs, 

(4) tectonie control of the locus and nature of 
sedimentation, 

(5) the systematic lateral shift of orogenic belts 
(migration, called undation). 


Since in rather elaborate reviews by the under- 
signed of two previous works: The geology of 
Indonesia (1950) and De geologische geschiedenis 
van Indonesie” (1952) (both in this periodical: 
December 1950 and Februari 1953) several topics 
have been treated, the interested reader is 
referred to those. One of the former desiderata 
has been answered by adding a complete alpha- 
betical index. 

This book may well become a classic. 


CZPZ MZErnhnek 


Prineiples of organic evolution, by Arthur 
W. Lindsey. 375 pp. 216 figs. The C.V. 
Mosby Co., St. Louis 1952. Prijs geb. $ 5.75. 


“ ,.many college students”, zegt de schrijver in 
het voorwoord, “who wants to know something 
of the subject need more than the detailed con- 
sideration of the factors operative in organic 
evolution. Most of the well-known books 
published in recent years deal primarily with 
that aspect of evolution and so do not meet the 
need for a broad survey”. Dat is volkomen juist 
en de schrijver begint daarom met een vrij uit- 
voerige bespreking (bijna 100 blz.) van onder- 
werpen als klassificatie, embryologie, vergelij- 
kende anatomie, etc, onder de algemene titel 
“Relationship of organisms”. Merkwaardig ge- 
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noeg komt de genetica er niet bij te pas. Het 
tweede gedeelte, getiteld “Evidences of evolution” 
bestaat slechts uit twee korte hoofdstukken: 
“Existing organisms” en “The geological record”. 
De “broad survey” is hier in het vergeetboek ge- 
raakt, wat nog duidelijker en teleurstellender is, 
wanneer men ziet dat het geologische hoofdstuk 
nauwelijks over organische evolutie handelt. Het 
derde gedeelte van het boek (“The evolution of 
existing forms”) kan dit tekort maar gedeeltelijk 
goed maken. Meer nog dan in andere gedeelten 
van het boek voelt men hier zeer pijnlijk de 
verwaarlozing van nieuwe literatuur. Wat b.v. 
over de paarden gezegd wordt, steunt geheel op 
Matthew’s belangrijke overzichtsartikel, dat ech- 
ter uit 1926 dateert. Hoe men in de tweede helft 
van de 20e eeuw over de evolutie van de gewer- 
velde dieren en in een afzonderlijk hoofdstuk nog 
over olifanten, paarden en kamelen kan schrij- 
ven, zonder ook maar &en keer te wijzen op de 
onderzoekingen van Simpson, Mayr, Colbert, 
Watson (om maar een paar namen te noemen) is 
een raadsel. Of zijn al deze mensen in de ban 
gedaan omdat ze zich als neo-darwinisten ontpopt 
hebben? De schrijver is n.l. een lamarckist; in het 
vierde gedeelte van het boek (“The process of 
evolution”) is dat al bijzonder duidelijk, maar 
men doet zowel de zaak zelf als de ware weten- 
schappelijke geest tekort door zoveel goed werk 
van „andersdenkenden” eenvoudig te negeren. 
Het is jammer, dat dit boek, dat op zich zelf qua 
opzet verdiensten heeft, onvoldoende de tegen- 
woordige stand van het onderzoek weergeeft om 
als leerboek bruikbaar te kunnen zijn. 

AWBr 


A. Cailleux et G. Taylor: Cryopedologie, 
etude des sols geles. 218 p., 94 fig., 12 pl. 
Expeditions polaires francaises, Missions 
Paul-Emile Victor, IV. (Actualites scientif. 
et industr. 1203). Hermann et Cie., Editeurs; 
Paris, 1954. Prijs ingen. fr. 1200.—. - 


Cryope&dologie omvat de studie van de eigenaar- 
dige bodemvormen, welke in periglaciale Klima- 
ten voorkomen, zowel op hoge breedte als in het 
hooggebergte. IJswiggen, polygoonbodems, blok- 


kenvloertjes, bDlokkenstromen, vorstbulten van de 
natte toendra en cryoturbate omwerkingen van 
de bodem vormen even zovele typische verschijn- 
selen welke een ieder opvallen, die in periglaciale 
klimaten reist of die afzettingen bestudeert, die 
in dergelijke klimaten ontstonden. - 

De auteurs hebben zeer veel gelezen. Ook 
namen zij deel aan de recente Franse Expeditie 
naar Groenland. Het resultaat hiervan is een 
literatuurlijst handelende over cryop&dologie van 
1529 nummers en een zeer vlot geschreven over- 
zicht. Helaas is dit laatste niet vrij van een zekere 
oppervlakkigheid en van een „door de bomen 
het bos niet zien”. De illustraties zijn zeer ge- 
slaagd en bestaan grotendeels uit suggestieve 
pentekeningen, welke naar eigen en andere foto’s 
vervaardigd zijn. = 

Ieder die zich van deze verschijnselen op de 
hoogte wil stellen kan de lezing van dit werk 


worden aanbevolen. - 
S M.G.R. 


L. Don Leet and Sheldon Judson: Physical 
geology. ix + 466 pp., illus. Prentice-Hall, 
Inc.: New York, 1954. Prijs geb. $ 9.00. 


„Physical Geology” kemt het meest overeen 
met wat wij gewoon zijn „exogene processen” te 
noemen. Daarnaast nog wat eenvoudige minera- 
logie, wat tectoniek en iets van economische 
geologie en geophysica. Maar de hoofdzaak ligt 
tech bij verwering en sedimentatie, bij de werking 
van het water en van het jjs. 

Over deze onderwerpen schreven Leet & Judson 
een uitstekend leerboek, dat uitmunt door de 
heldere stij]l die op duidelijke wijze zeer veel 
weet te zeggen in weinig woorden. Het boek 
veronderstelt practisch geen kennis van physica 
en chemie, er wordt een beetje simplistisch atoom- 
physica in gegeven, maar daar staat tegenover, 
dat ook de behandeling van de geologische onder- 
werpen op een voor beginners begrijpelijk peil 
staat. Bovendien zorgen zeer vele fraaie nieuwe 
illustraties voor een verlevendiging van het ge- 
schreven woord. 

Als eerste leerboek kan ik dus deze Physical 
Geology ten zeerste aanbevelen. 

M. G.R. 
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PERSONALIA 


De leden van het Genootschap worden verzocht 
alle wijzigingen in adres, titel en functie op te 
willen geven aan het secretariaat: Mijnbouw- 
straat 20, Delft. - 


Nieuwe adressen: 


GROOT, H. J. DE — Delft, Rietveld 79. 
(M.V.D.) 

NOTA, geol. drs. D. J. G. — Wageningen, Dui- 
vendal 3, Laboratorium voor Geologie. (bg) 

SAX, Dr. H. G. J. — Wassenaar, Schouwweg 58. 
(g) (gk) 

ULRICH, m.i. Ir. V. P. — ’s-Gravenhage, Kwar- 
tellaan 30. (g) (gk) 


(bg) 


WILLEMS, F. H. A. — Delft, Rietveld 79. (bg) 
(M.V.D.) 


Correcties: 
PATIJN, Dr. R. J. H. — (b) inplaats (g) 


Adressen gevraagd: 


BOTTINGA, geol. drs. S. ©. — 
FONTEIN, P. L. — 

GONLAG, J. — 

HOL, A. — 

KERSEN, J. F. VAN — 
PRINS, geol. drs. J. — 
WENTHOLT, L. R. — 
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Vertegenwoordigd door: 


1 Bordowieks, ‘ar Gerlach GmbH. Gladbeck i.W. 


Pomonoplein 67, Den Haag 2: m 
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ii is Voorat Gevormd! 


„Blue Strand Preformed Wire Rope” 
wordt geslagen uit draden, die vooraf 
in de spiraalvorm zijn gebracht, welke 
zii in de afgewerkte kabel zullen 
aannemen. Dit geeft groot voordeel 
boven normale kabels, daar de in- 
wendige spanningen ontbreken. De 
kabel met de blauwe streng is ge- 
makkelijkerte buigen. Bij doorhakken 
blijven de strengen bijeen, waardoor 
vastbinden overbodig is. De kabels 
gaan langer mee, zijn veiliger en ge- 
makkelijker in het gebruik. Draden, 
die na langdurig gebruik zijn gebro- 
ken, blijven op hun plaats. Minimaal 
gevaar bij behandeling. In de mijn- 
bouw, op olievelden, bij construclie- 
werken, overal waar zwaar werk 
wordt verricht, geeft men aan „Blus 
Strand Preformed” de voorkeur. 


BLUE 
STRAND % 


PREFORMED WIRE ROPE 


PRODUCT VAN BRITISH ROPES LTD,, 
DONCASTER, ENGELAND 
EXPORT SALES OFFICE, 52 HIGH HOLBORN, LONDON W.C.1 


ee 
Vertegenwoordigers: N.V. INGENIEURSBUREAU v/h J. M. 
C. VAN BORSELEN & Co, 2e v.d. Boschstr. 2, 's-Gravenhage 


Tag um Tog versorgen ausgedehnte Rohrnetze 
gewaltige Anlagen mit Gas, Luft und Wasser. 
Unser Bemühen gilt einer ständigen Steigerung 
der in aller Welt bekannten und bewährten 


FERNDORF-STAHLROHRE 


Lieferbar für alle Zwecke von NW 200 mm an 
aufwärts bis zu den größten transportablen 
Durchmessern in Wanddicken von 5—12 mm 
roh, bituminiert, verzinkt. 


EISEN- U. METALLWERKE FERNDORF 
GEBR. BENDER FERNDORF/ WESTF. 


Meca 
Banka 


De beroemde Conrad Banka 
gemechaniseerd. 


Voor alluviale boringen 
tot 50 meter diepte. 


HAARLEM- HOLLAND 


Transformatoren 


met luchtkoeling, drukvaste- 
miingasveilige constructie 


Explosieveilige motoren 


gelast huis, geheel gesloten, 
met buitenkoeling, wentel- 
lagers,speciaal kortsluitanker 


AEG Electrische 


vitrustingen 
voor 
mijnbedrijven 


— 
N.V. ELECTRICITEITS MAATSCHAPPIJ AEG 
Frederiksplein 26 - Amsterdam-C. - Telefoon 45212 (6 lijnen) 


Geschikt voor continu bedrijf 


GAPAGITEIT cu 7 am. venenerux 


U ITSIDE K EN DE RE FE R E NTI E 5 9 /m 90 m3/min., vriji algegeven hoeveelheid lucht 


KORTE LEVERTIIDEN ; KRACHTVERBRUIK 


type m’/min, type m’/min, 5 0,0797 -0,0827 kWh. per m? vrij algegeven hoeveelheid lucht 


GOMPAGTE BOUW 
PERFEGTE UITBALANGERING 


AR 1 9,3 ARSSZ 7520813 
AR 3 162 | ART 50 
ARA4 215 I AR9I 91 


Vraagt Atlas om 


technische voorlichting op het 
gebied van luchtcompressoren 

luchtdrukwerktuigen 
en verfspuitinstallaties 


N Y. HOLLAND-ATLAS 


BREEVAARTSTRAAT #8 - ROTTERDAM — TEL re 2 


MASCHINENFABRIK GLÜCKAUF - GELSENKIRCHEN 


Dubbelwerkende Aluminium Omdrukcylinders voor 
kettingtransporteurs 


130 
e‘ a ee ee in 


al 21300. ee 


gewicht 130/400 19 kg - hoogte 155 mm - breedte 230 mm 
gewicht 130/800 28 kg - hooate 155 mm - breedte 230 mm 
gewicht 200/400 32 kg - hoogte 260 mm - breedte 250 mm 
gewicht 200/800 42 kg - hoogte 260 mm - breedte 250 mm 


Uitschuifbare aluminium schoorstempels 


*“ 


Vertegenwosrdiging: 


INGENIEURSBUREAU „LIMAHA” UN 
KERKRADE - ABTENLAAN 58 
TEL. K 4445 - 2156 


TE 


Soviete Belse de Mecanisalion 
S.A. -— LIEGE, RUE PARADIS 73 
Tel.: 52.20.75 (2 lijnen) 


BOVENGRONDS EN ONDERGRONDS 
MIJNMATERIEEL 


VOLLEDIGE UITRUSTING DER 
WINPLAATSEN 


MECAPIC 


MECHANISCHE VOORBEREIDING DER 
STEENKOLEN EN ERTSEN 


MECHANISCHE BEWERKING 
METALEN SCHOORPIJLERS 


CONCESSIEHOUDER DER OCTROOIEN EN PROCEDE!’S PIC. 


Vertegenwoordigd door: N.V. IMCO HOLLAND, Laan van Meerdervoort 23, Den Haag 
Telefoon K 1700-116660-116826 


Installatie met speciale regelinrichting, systeem Rapid-Exact. Vermogen 2350 kW bij 58,5 
omw./min. Geschikt voor een productie van 243 ton/h uit 980 m diepte bij een maximum 
snelheid van 20mi/sec. 


E. M. ELECTROSTOOM N.V. 


POSTBUS 301 - ROTTERDAM - TEL. 82720 


"SMEED- en CONSTRUCTIEWERK n 


- GIET- DRAAI- en KETTINGWERK - 


SDELBAG 


DELBAG-LUFTFILTER GmbH 
BERLIN-HALENSEE +» FERNRUF 977676 
DUSSELDORF-HEERDT- AMT NEUSS 2105 


'EUFTRIETER 


für Industrie - Hygiene - Fahrzeuge 


symbool van een siuwende | DELBAG-Ingenieursbureau 26 
economie, doch ook oorzaak 


ee wosteeresen TECHNISCH BUREAU DAHLMAN 


= Pi = Maasstraoat 7 - Telefoon 115800 
cR® stsf, 7; ROTTERDAM 
= FR: heiweik materietie waarden ver- 
Onietigt en de gerondheid von 
werkers in gev brengt, indien Vraagt geheel kosteloos 
luchtlilters dit dodr reiniging. der onze speciale brochures 

= atmospheer niet zouden verhinderen. ; Deskundige adviezen Uitvoerige offertes 
raagt gratis speciate 

2: B ure en- ‚derkundig < adsies. 


DELTA A POMPEN 


. SPECIAALPOMP! x "SERIEPOMPEN - .VACUUMPOMPEN 
„DEI Tel. 4247 ‚HENGELO (0) 


J. K. SMIT & ZONEN 


Opgericht 1888 
AMSTERDAM 


Sarphatistraat 66 
Telefoon 52641, 51948 _ Telegr.: CARBONSMIT 


K 


Diamant voor alle 
industriele doeleinden 


DIAMANT-BOORKRONEN 


voor olie-, erts- en 


kolenboringen etc. 


DIAMANT-WERKTUIGEN 


voor slijp- en 
afdraaidoeleinden 


Vraagt prospectus 


EEN BLIK 


op de diagrammen 
toont de werkwiize van de : 
BRIEDEN- ur 


Il 


pa ee ha 


MASCHINENFABRIK 


) KARL BRIEDEN & de) 


BOCHUM 


nn: “ T Vert. Ing. Bur. „FERRUM“, Heerlen 


i 
nd 


GHH electrische 
OPHAALMACHINE 
nuttige last 12,6 ton 


GUTE HOFFNUNGSHÜTTE Vertegenwoordigd in Nederland door: 
ROLLO N.V., DEN HAAG 

STERKRADE AKTIENGESELLSCHAFT Alexanderstraat 10,Telefoon 183170* 

WERK STERKRADE Subagent: Dipl. Ing. F. J. Hundscheld 


Kerkrade, Niersprinkstr. 28, Tel. 2598 


Zeven voor de grofste tot de fijnste scheiding 


De "SYMONS PATENT ROD DECK 
SCREEN” is een klasseerzeef met groot 
nuttig effect. Het zeefoppervlak wordt ge- 
vormd door staven van verenstaal in plaats 
van het gebruikelijke zeefgaas of de geper- 
foreerde plaat. Bij zeer grote toevoer van 
nat of droog materiaal kan een buitenge- 
wone capaciteit worden bereikt. 


Door de lange levensduur van de stalen 
staven ziin de onderhoudskosten van het 
zeefvlak bijzonder laag, waardoor ook de 
zeefkosten per ton miniem zijn. 


SYMONS ZEVEN 
® FABRIKAAT VAN NORDBERG 


HEAD OFFICE: MILWAUKEE, MANUFACTURING. COMPANY 
WISCONSIN. U.S.A. 19 CURZON STREET, LONDON. W. 1. ENGLAND 


EEE 


In Materiaal en Vormgeving hoogwaardige 


in matrijs gesmede smeedstukken 


Vooral voor mijnbouw, ruw en bewerkt 


Ook thermisch behandeld 


sustav RASECHE nacar. 


HAMMERWERKE 
PLETTENBERG i.W 


Vertegenwoordiger voor Nederland: 


Verkoopkantoor voor Edel- en Blankstaal N.V. - Daalhuizerweg 6 - Velp (G) - gebouw Arnhorst 


‚KEMA 


KÖLN- 'EHRENFELDER \MASCHINENBAU- ANSTALT G.m.b. 
Köln- Ehrenfeld 


Motor 230.kW; n-730U.p.M. 
Treibscheibe 2500 mm eo 
V: =Am/sec. 


Handeisafdeling van de Machinefabriek 
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DEN HOLDER N.V. 


LEIDEN — POSTBUS 87 


BANDEN 


en 


Apparaten voor de chemische 


Olieindustrie 


Gespecialiseerd op meetflenzen en 


alsmede A.P.l. draden 


meetplaten, 


en “Unified” draden 


MODERNE AANDRUVINGEN 


.. V-SNAARAANDRIJVINGEN: 


s MOTORREDUCTOREN 
. VERTRAGINGSKASTEN 


N:V. MACHINEFABRIEK EN. IJZERGIETER|] 


„HOLLAND-BERGEN OP ZOOM" 


e KETTINGAANDRIJVINGEN 


BOEKH 


.V. 


OLTN 


zZ 
{m 
[(Ü) 
z 
y4 
[e) 
[4 
U) 


A. D 


- AMSTERDAM - ROTTERDAM . 


N.V.MACHINEFABRIEK 


a 


FRANS 


CROESELAAN 20 Aöug.iTeirh; 


SMULDERS 


SNELLOPENDE 


GEWEVEN GAAS 


HYDRAULISCHE POMPEN 


STE MAAS- 


WIJDTES UIT ALLE VERWEEFBARE METALEN 


N.V. METAALDRAADWEVER!) 


VAN DE.GROFSTE TOT DE FIJN 


DINXPERLO - 122 


H.R. SMITH N.V. 


KEIZERSGRACHT 520 - A'DAM - TEL.42012-41801 


Metaalgelijkrichtereenheden 


Agenle en verlegenwoordigster 


WESTINGHOUSE 


BRAKE AND SIGNAL COMP, LID. 


steeds 
gsarne 
tot uw 
dienst 


voor alle doeleinden 


Licentie voor Nederland, Indonesi& en Overzeese Rijksdelen 


Förderbandrollen 


in jeder Ausführung 


fılı ED „ MASCHINENFABRIK G.M.B.H. 
Me WUPPERTAL tı.43353 


/g ll ZWEEDSE KLOKPOMPEN 


gg IR MIJNGASVEILIG 
goedgekeurd door 
IN /r Mijninstituut te 
Paturages 


Vervangen luchtgedreven 
mijnpompen. Door toepas- 
sing van electrisch gedreven 
mijngasveilige klokpompen 
vermindert het perslucht- 
verbruik voor het verpom- 
pen van water in de mijnen 
aanzienlijk. Een belangrijk 
voordeel voor de mijnen 
is, dat de klokpompen licht 
van gewicht zijn, zonder 
bezwaar droog of onder 
water kunren draaien, niet 
gesmeerd behoeven te 
worden en roestvrij zijn. 


FLYGTS 
POMPEN 
GRDOTBANDELSCEROUY- ROTTERDAM 


Weena 703 - 
Telefoon 11.52.14 


KIINLOCOMONIEYEN 


IYEHIICOMPRESSORS 
x“ 


Naamloze Vennootschap 


W. A. HOEK’s 


MACHINE- EN ZUURSTOFFABRIEK 


Postbus 78 - Schiedam 


Maschinenfabriken 


Wuppertal-Barmen 
Gelsenkirchen-Buer 


Schachtbau 


Essen 


Alleenvertegenwoordigers voor 


de Nederlandse Mijnbouw: 


KON. F* PENN & BAUDUIN 
DORDRECHT 


CONSTRUCTIEWERKPLAATSEN 
MACH. BOUW - IJZERGIETERIJ 


TRANSPORTINSTALLATIES 


STAALBOUW APPARATEN 


| HIJSWERKTUIGEN 


Förderbandanlagen seit 25 Jahren 
Luttenventilatoren 
Schlepperhäspel 
Berge-Versatzschleudern 
Druckluft-Werkzeuge 
Automatische Füllorteinrichtungen 
Rutschenantriebe 


Patentrohrleitungen mit Kugelschnellverbindungen 


Abteufen von Schächten nach dem 
Gefrier-, Zementier- und Handabteufverfahren 


Schachtreparaturen 


Sämtliche Gesteinsarbeiten 


Erolichk'klüpfel 


Maschinenfabrik und Unternehmung für bergbauliche Arbeiten 


Ingenieursbureau Dr P. Wintgens 


Heerlen, Valkenburgerw. 75, Tel. 5044 (2 lijnen) 


DRILLS 
and 
BITS 
for all kinds of drilling operations 


More than 60 years experience in 


manufacturing and contract core drilling 


Svenska Diamantbergborrnings AB 


D.DRUKKER & Zn, N.V. 


WEESPERPLEIN 4 . AMSTERDAM - TELEFOON 53906-50369 


2 DYAMONDS 


ALLE CORRESPONDENTIE BETREFFENDE ADVERTENTIES, ABONNEMENTEN E.D. 
AAN: G. A. TIESING, VOGELKERSSTRAAT 48, DEN HAAG, TELEFOON 334141 


